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Abstract	
Automated driving technologies promise a relief from stressful or frustrating driving situations. 
Fully-autonomous cars of the future are expected to take over the responsibilities of driving and 
allow the now inactive driver to perform much more engaging non-driving activities than ever 
before. However, the design space of the autonomous driving situation is uniquely different 
from traditional driving. For example, research on advanced driving automation systems have 
shown that the transfer of the driving task from the driver to the system can be experienced as 
a loss of autonomy and competency and may result in a feeling of being at the mercy of 
technology. Furthermore, the relationship with our cars is not only instrumental. The car is a 
personal artefact, an extension of the driver’s body connoted with feelings of independence and 
power. The car’s emancipation to an autonomous agent require a new basis of interacting with 
the inactive driver to facilitate a pleasurable and meaningful driving experience.  
On the other hand, the relief from the driving task provides a unique opportunity for new types 
of activities during the piloted journey, amongst them, new forms of in-situ entertainment and 
games that are grounded in the contextual specificity of the automotive, mobile situation. This 
leads to the research objectives: What type of activities can support autonomous driving as 
pleasurable and meaningful? How should they be implemented to compensate for the 
constraints and drawbacks of the autonomous driving situation, but also to take advantage of 
the unique affordances of this new technology? 
To answer those questions, I designed and developed three working prototypes with the goal to 
envision future autonomous driving as a pleasurable and meaningful activity. Based on a 
research-through-design approach, I explored the potentials of the design space of autonomous 
driving by systematically aligning the core-interactions of the prototypes with the contextual 
constraints of dense urban traffic. Furthermore, I studied the impact of the three prototypes on 
the driving experience in a simulator set up as well as in a series of in-car user studies. This 
exegesis introduces the three prototypes as design artefacts and reflects on the findings of the 
complementary user studies. In doing so, it articulates a novel frame for understanding 
autonomous driving as a future design challenge for contextual activities.   
This research contributes to the increasing importance of user experience and game design in 
the automotive domain. As such, the contribution is threefold: (1) As design artefacts, the 
prototypes articulate a desired future of driving experiences in autonomous cars. (2) As a 
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iv 
contextual design practice, the research contributes intermediate knowledge in the form of 
novel ideation methods and implementation strategies of non-driving activities.  (3) As a 
conceptual frame for understanding autonomous driving, I propose three motivational 
affordances of autonomous driving (that were tangible experiences of the prototypes) as targets 
for aligning non-driving activities.  
The three prototypes presented in this exegesis articulate a desired pleasurable vision of 
autonomous driving of the future. As an inspirational frame, the three prototypes are studied to 
gain experiential insights into the challenge of designing pleasurable and meaningful non-
driving interactions in a future autonomous driving context. 
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Introduction	
The safer we make things, the more dangerous they become.1                          
1.1 Introduction	
With recent advancement in sensor and computing technologies, the dream of self-driving 
vehicles became a reality. Traditional car manufacturers and also IT companies pushing public 
expectations with advanced prototypes of self-driving vehicles (Google Inc., 2015; Mercedes 
Me, 2016). For example, Google’s famous self-driving car2 promises mobility for everyone. A 
car designed for full self-driving capability without a steering wheel or a speed and brake pedal. 
According to Google, their self-driving cars have already driven more than two million miles 
on public roads with, so far, only one accident caused from the automation technology (Google 
Inc., 2015).  
Whereas such visionary car prototypes are not yet commercially available, the recent 
development showed a steady increase of available automated driving technologies (Bengler et 
al., 2014). However, at the time of writing, none of the available autonomous driving systems 
completely relieve the driver from the responsibility of driving. Even systems in which all 
elements of the driving task are performed by the car, such as Tesla’s AutoPilot (The Tesla 
Motors Team, 2015), the driver is expected to pay attention to the road and intervene in case of 
an emergency. Nevertheless, OEMs and industry pundits agree that autonomous driving will 
roll out its full potential within the next decades (Beiker, 2016; Jaynes, 2016). However, the 
introduction will be a gradual step-by-step process. Higher-level autonomous driving, in which 
                                                
1 Norman (2016)  
2 At the time of writing, rebranded as Google spin off company Waymo (www.waymo.com)  
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the car takes over the full driving responsibility, will start in limited areas or specified driving 
situations. As safety-critical technologies autonomous driving systems require a complex 
evaluation and legislation process resulting in new requirements for a safe operation by its users 
(Schreurs & Steuwer, 2016). 
For drivers, this transition period to fully-autonomous cars can be a challenging situation. 
Current autonomous driving systems expect the driver to keep an eye on the road and a hand 
on the steering wheel (e.g. Tesla’s AutoPilot). In future autonomous driving scenarios, the 
inactive driver may engage in secondary activities but will be expected to respond appropriately 
in the event of an emergency. An appropriate reaction may require a certain situational 
awareness that yet needs to be defined by human factors, engineers and legislators. In any case, 
the active driving control transforms into a passive supervisory task with tremendous impact 
on the driving experience.  
With autonomous driving technology, the driving situation requires a new foundation to be 
experienced as pleasurable and meaningful. Driving and owning a car is associated as an 
embodiment of independency, mastery, self-expression, privacy and power (Dant, 2004; 
Sheller, 2004). However, experience research on advanced driver assistance systems indicate 
that the relieve from driving resulted in an decreased feeling of control, competency and trust 
(Eckoldt, Knobel, Hassenzahl, & Schumann, 2012; Ghazizadeh, Peng, Lee, & Boyle, 2012; 
Wolf, 2016). To maintain a pleasurable driving experience, the driver’s loss of control and 
mastery needs to be compensated by a meaningful connection to the car and the driving 
situation. 
Moreover, research on manual driving indicate that drivers regularly perform a large variety of  
secondary non-driving related activities, including messaging, eating, browsing social media or 
even applying cosmetics or reading (Huemer & Vollrath, 2011; Laurier & Dant, 2012; K. 
Young, Lee, & Regan, 2008). Even though when legislators ban or permit specific activities, it 
can be expected that an over-reliance on the automation technology could result in unsuitable 
non-driving activities, such as gaming or watching TV. 
Games and gameful design could be a promising solution to engage the inactive driver in a 
more pleasurable way with the autonomous driving situation. Recent studies investigated the 
impact of games and gamification as a persuasive instrument in various domains (Bittner & 
Schipper, 2014; Hamari, Koivisto, & Sarsa, 2014; Pedreira, García, Brisaboa, & Piattini, 2015). 
Especially in the automotive context, there are promising examples of gameful design that 
motivate eco-driving (H. Lee, Lee, & Lim, 2010; Magana & Munoz-Organero, 2015; 
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Meschtscherjakov, Wilfinger, Scherndl, & Tscheligi, 2009) or safe-driving behaviour 
(Schroeter, Oxtoby, & Johnson, 2014; Steinberger et al., 2015). For reviews see also (Diewald, 
Möller, Roalter, Stockinger, & Kranz, 2013; Vaezipour, Rakotonirainy, & Haworth, 2015). 
Since the relief from the driving task would enable a larger variety of non-driving activities, 
games or gamification could be a promising solution to seamlessly integrate those activities 
with the demands of the autonomous driving situation.  
To explore the possibility of non-driving activities as a solution for an embedded and situated 
autonomous driving experience, it is important to understand which non-driving activities can 
be meaningful (as further discussed in 2.2.3) within this context. In doing so, it is crucial to 
explore possibilities of implementing the non-driving activities into the car, to facilitate a 
pleasurable experience that embodies the autonomous driving context. Moreover, autonomous 
driving can be an experiential frame for constituting pleasurable activities that would be only 
possible in this specific driving context. This requires an exploration of the unique motivational, 
emotional or sensual properties of the design space of autonomous driving.  
This exegesis presents three prototypes designed to explore the contextual frame of future 
autonomous driving with the goal to embody a pleasurable in-car experience. Each prototype 
leveraged urban rush-hour traffic as a playable input of an interaction system enabling the 
inactive driver to maintain situational awareness of the driving context. The three prototypes 
are case studies that demonstrate a possible solution for contextual entertainment in a future of 
autonomous driving.     
1.2 Research	Statement	
The central research question that guided the design and exploration of the three prototypes can 
be expressed as the following: 
How to design pleasurable experiences for future autonomous driving? 
To answer this question, I investigated the context of future autonomous driving through an 
iterative design and reflection process and developed three prototypical solutions for a 
pleasurable autonomous driving experience.  Each prototype articulated a desired future of a 
pleasurable driving experience and provided a lens for exploring the experiential context of a 
future design space of autonomous driving by dedicated user studies.   
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1.3 Scope	
To explore the research question through a reflective design process, I limited and defined the 
scope for this research to the following aspect:  
1. The car was defined as a standard passenger car equipped with autonomous driving 
technology (further explained in 2.1.2). 
2. The driving scenario was defined as an urban commute by a single driver. The traffic 
situation was defined as dense city traffic such as typical rush-hour traffic of 
Melbourne CBD. 
3. The non-driving activity should be a solitary activity and should be implemented into 
the car context. 
4. Situational awareness should be a desired side effect from using the prototypes. It 
should be a result from a pleasurable interaction with the non-driving activity.  
5. As explorative research, the design solution should be a suggestive and inspiring case 
study. The evaluation of the prototypes should focus on identifying the pleasurable 
element of the design concept and its in-car implementation. 
6. As explorative design research, qualitative or quantitative evaluation of safety aspects 
and situational awareness can be postponed to future work. 
To sum-up: as research prototypes, the design solutions do not require the evaluation regarding 
industry feasibility or safety standards. The solutions should provide an inspirational tool for 
showcasing and reflecting possible future autonomous driving experiences. 
1.4 Designing	Autonomous	Driving	Pleasure	
The defined scope for pleasurable autonomous driving experiences allows a large variety of 
suitable solutions. Based on an iterative design process, I designed three working prototypes 
that I chose as articulated cases for a contextual alignment with the autonomous driving 
situation. The three prototypes are AutoGym, AutoJam, and AutoRoute. In the scope of this 
exegesis I refer to them as AutoPlay prototypes. In the following I provide a brief overview of 
the three AutoPlay prototypes.  
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Case	1:	AutoGym	
AutoGym is an exertion game (Mueller et al., 2011) that is played in the context of stop-and-go 
traffic inside the car. AutoGym translates the traffic situation into a gameful exercise program 
by connecting the speed of the car to the resistance of the exertion interface (a mini-exercise 
bike). However, exercise alone is not enough to complete the game. To advance in the game 
the player must predict the driving situation and choose a corresponding time segment that must 
be completed (through workout) before the driving situation changes. This prediction 
mechanism requires the player to pay attention to the road while still being able to engage in a 
challenging and fun workout.  
Case	2:	AutoJam	
AutoJam is an in-car music game played on the car’s steering wheel. It connects rhythm gaming, 
musical improvisation and music listening with three stages of driving: stop-phase, 
acceleration/deceleration-phase, and cruise-phase. The contextual implementation of AutoJam 
keeps the player aware of the driving situation and enables a new form of a musical expression 
by aligning the progression in traffic with the progression of the song and the game.      
Case	3:	AutoRoute		
AutoRoute is a playful navigation and exploration application for future commuters in fully-
autonomous cars. AutoRoute enables the urban commuter to rethink their daily routine by a 
spontaneous exploration of a new commuting route. AutoRoute matches the commuter’s 
spontaneous desires and preferences with the offerings of the urban surroundings and motivates 
instant discoveries.  AutoRoute reframes the commuting activity as an active and important part 
of daily life and establishes a relationship between the urban environment and the commuters’ 
preferences and desires.  
All three AutoPlay prototypes were based on an iterative design process and, apart from 
AutoGym, implemented into a test vehicle for in-situ user studies. As research artefacts, the 
AutoPlay prototypes are physical embodiments of a desired driving experience in autonomous 
cars and represent a vision of what could be possible in the future.  
1.5 Contributions	
As a design-based investigation of a future scenario, the prototypes articulate the possibilities 
of a design space of autonomous driving. Besides contributing the artefacts, the design and 
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evaluation process resulted in conceptual and practical knowledge of implementing pleasurable, 
non-driving activities, into the context of autonomous driving. As such the design and research 
contribution is threefold:  
1.	Contribution	as	Design	Artefacts	
The three AutoPlay prototypes are a tangible articulation of the possibilities of future 
autonomous driving and as such contributions by themselves. As design artefact, the three 
prototypes represent a desired state of a future autonomous driving experience. Furthermore, as 
demo-able and tangible systems, the artefact allowed an experiential evaluation based on 
dedicated user studies. As subjects of a critical explanation (as reported in this exegesis), the 
AutoPlay prototypes are a lens for investigating the context of autonomous driving.  
2.	Contribution	to	Design	Practice		
The conducted research also contributes to design practice. It delivers intermediate knowledge 
(Höök & Löwgren, 2012) on implementation details of the three prototypes. Each prototype 
represents a different approach for designing pleasure within the autonomous driving context.  
They differ not only towards the base activities such as exertion (AutoGym), creativity 
(AutoJam) and discovery (AutoRoute). They also represent different implementation 
approaches that resulted (together with the non-driving activities) in different aesthetical 
experiences. The resulting intermediate knowledge is articulated as novel ideation methods 
(such as Car-Storming), design strategies (for motivating exertion, creative improvisation or 
spontaneous explorations) and novel evaluation methods (such as in-car performances and 
wizard-of-oz autonomous driving).  
3.	Contribution	as	a	Conceptual	Frame	
The research and design activity also enabled a conceptual understanding of the future design 
space of autonomous driving. The research unfolded the motivational affordances of 
autonomous driving, which will enable future interaction and game design researchers to 
conceptually embed their design activities in this new transportation context. The research also 
aims on automotive human factors and ergonomic engineers by providing a conceptual frame 
for experiential properties as it introduces game and interaction design knowledge into the 
autonomous driving context. It therefore helps to envision the potential of gameful and 
pleasurable solutions for upcoming safety and usability challenges. 
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This explorative research locates itself in the intersection of game and experience design and 
must be judged as a reflective design contribution that explores and constitutes the autonomous 
driving context.  
1.6 Dissertation	Outline	
The remainder of the exegesis is organised as follows:  
Chapter 2 – Background. This chapter starts with a brief discussion of the three key terms of 
this research: autonomous driving, context and pleasurable experiences. The remainder of the 
chapter provides a literature review of the central research dimensions: automotive games and 
apps, the challenges of autonomous driving and approaches to understanding driving pleasure. 
This literature review aims to embed my research in a broader scope of academic research 
tapping into disciplines beyond game and interaction design. Related work addressing the three 
AutoPlay prototypes is presented in dedicated chapters 5-7. 
Chapter 3 – Methodology. This chapter unfolds the research question and design objectives 
and discusses the epistemological consequences of a research-through-design approach. 
Furthermore, I present an overview of the central evaluation methods used to study the 
prototypes’ impact on the autonomous driving experience. 
Chapter 4 – Preliminary Research. This chapter presents the results of a contextual inquiry 
conducted to establish an educated speculation of commuting and the future of autonomous 
driving in autonomous cars. The contextual inquiry resulted in an articulation of possible 
challenges and design goal for routine drives in autonomous cars.  
Chapter 5 – Case 1: AutoGym. This chapter presents AutoGym, an in-car exertion game played 
in stop-and-go traffic. It described the AutoGym prototype and discusses the findings of a lab-
based user evaluation with 28 participants. 
Chapter 6 – Case 2: AutoJam. This chapter presents AutoJam, a prototype for interactive music 
experiences in the autonomous driving context. The chapter discusses the prototype and 
presents the findings of an in-situ user study with 14 participants. 
Chapter 7 – Case 3: AutoRoute. This chapter presents the AutoRoute, an exploration and 
navigation prototype for commuting in fully-autonomous cars of the future. The chapter 
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introduces concept and implementation of the prototype into a Wizard-of-Oz autonomous car 
and discussed the results of the in-situ user study with ten commuters. 
Chapter 8 – Reflection.  This chapter discusses the three presented AutoPlay prototypes as 
design artefacts and their user study results. Furthermore, this chapter discusses the practical 
and conceptual contribution of the research by presenting a frame to understand the 
motivational affordances of non-driving activities and discussing the most important design and 
evaluation instruments. 
Chapter 9 – Conclusion. This chapter summarises the three contributions of the research and 
presents its limitations and its implications for future design activities in the context of 
autonomous driving. 
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	2	
Background	
Cars are above all machines that move people, but they do so in many 
senses of the word3.  
2.1 Introduction	
Automotive experiences have been studied intensively from a variety of angles. Most of the 
research focussed on safety related phenomena such as driver stress, interface optimisation and 
driver distraction by technology or mobile devices. In contrast to this, research focussing on 
interactive in-car entertainment and driving experiences was very limited. Nevertheless, the 
ongoing introduction of automated driving technologies and the possibilities of fully 
autonomous cars unfolds a new context for exploring novel in-car entertainment and 
pleasurable driving experiences.  
To frame the context of a pleasurable autonomous driving experience, this chapter introduces 
and discusses existing research projects and complementary interaction models starting with a 
definition of the three central concepts of this research: autonomous driving, context and 
pleasurable experiences. Even though these concepts are deducted from existing research, the 
purpose of defining them is to establish a coherent understanding of these central concepts 
within the scope of this work. It does not aspire general applicability.  
The main parts of this chapter are dedicated to present research and design projects central for 
an understanding of the experiential qualities of design space of future autonomous driving. 
First, I introduce and discuss existing in-car games and entertainment research with the focus 
                                                
3 (Sheller, 2004) 
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on the contextual integration. Second, I provide an overview of research on the user experience 
(UX) of autonomous driving addressing the challenges of the design space from an experiential 
angle.  
The central purpose of this background chapter is to locate the AutoPlay design and research 
activities into the stream of automotive experience research. Therefore, I selected research and 
design projects that help to grasp the urgency and importance of autonomous driving as a 
research and design problem.  
2.2 Terminology		
For maintaining a mutual and coherent understanding of the central concepts used throughout 
this exegesis, this section defines the terms autonomous driving, context (as affordances and 
constraints), and pleasurable experiences. The difficulty with these terms is that they are used 
in various ways depending on the authors’ research field and world view.  Therefore, for the 
scope of this exegesis, I define the essential vocabulary based on a pragmatic understanding 
grounded in existing literature and research discussions.  
2.2.1 	Autonomous	Cars	and	Autonomous	Driving	
There are several synonyms of autonomous cars such as automated cars, self-driving cars, 
smart cars or robot cars. Even though the connotation of each of these terms is emphasizing 
different aspects of technology or usage, they all describe a car that is able to fully automate, 
or at least the essential elements, of the driving task.  In 2011 Nevada State, USA, introduced 
one of the first legislations regarding autonomous cars. They defined autonomous cars as a 
motor vehicle that uses artificial intelligence, sensors and a global positioning system and  
coordinates to drive itself without the active intervention of a human operator (Pinto, 2012). 
One issue with this definition is the ambiguity of active intervention of a human operator. In 
the transition to fully autonomous cars, the driver’s intervention and responsibilities are often 
very complex. To take the various stages of system responsibility into account, traffic 
authorities, such as the U.S. National Highway Traffic Administration (NHTSA) or the German 
Bundesanstalt für Straßenstraßenwesen (BASt), attempted to clarify autonomous driving by 
suggesting levels of driving automation. Figure 1 provides an overview of both attempts to 
categorize automated driving by SAE International. The advancements of automated driving 
can be understood as a gradual transfer of the driving task from the driver to the system. Some 
researchers have mentioned that these theoretical levels of driving automation do not reflect the 
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current state of automated driving technology. For example, some automation technologies, 
such as parking assistants, cannot be categorized bijective into one level. However, for design 
research on autonomous driving experiences, the SAE levels make one crucial distinction 
between the monitoring responsibilities of the human driver and the automated system. 
Whereas in the lower levels (0-2) the driver is responsible for monitoring the traffic (even 
though in level 2 the complete execution of the driving task is transferred to the system), in the 
higher levels (3-5) the driver is (at least partially) relieved from monitoring. This transformation 
of monitoring responsibility will have a tremendous impact on the driving experience. Strong 
enough to be called autonomous driving.     
 
Figure 1: Levels of Driver Automation. Taken from (SAE International, 2014). 
In this work, the terms autonomous driving and respectively autonomous cars are exclusively 
used to refer to automated driving systems that can take over the monitoring responsibility from 
the driver and therefore can be categorized (at least) as SAE levels 3. Furthermore, the term 
fully-autonomous driving refers exclusively to SAE level 5 systems (i.e. systems that take over 
the complete responsibility of all driving modes). Whereas an autonomous driving system (i.e. 
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SAE level 3 or 4) are the defined prerequisite for the AutoGym and AutoJam, the AutoRoute 
prototype requires a fully-autonomous driving system (i.e. SAE level 5). 
In this exegesis, I mostly use the term autonomous car and respectively autonomous driving as 
defined above, even though the notion of autonomous driving might have a slight paradoxical 
connotation. The notion of autonomous driving implies that it requires an active driving task 
while at the same time it suggests a transfer of the autonomy from the driver to the system. As 
a designer, I regard this slightly paradoxical connotation as a fruitful element for embracing 
this novel situation as an in-car activity. The notion of autonomous driving emphasizes 
ownership over the car and indicates an active driving role of the driver.  
This leads to the question: what term should be used to describe the inactive driver operating 
an autonomous car? NHTSA suggested to call this new role simply operator. Other suggestions 
encountered in literature and discussions among researchers were supervisor, navigator, pilot 
or passenger. To maintain consistency and indicate the driving context, I refer to the operator 
of an autonomous car as inactive driver. When the inactive driver is using a secondary 
interaction system or playing a game I use the term user or player. The term passenger refers 
exclusively to car travellers who are not involved in any operational or supervisory control of 
the car.  
2.2.2 Context,	Affordances	and	Constraints	
The terms context, affordances and constraints are significant and recurring concepts in 
interaction design since they refer to the situational frame and possibilities of an interaction 
system. To tailor an interaction system for a specific situation, the situation needs to be 
understood through its relevant features or elements. Gaining an understanding of a situation is 
an iterative process since an identified context may be embedded into another context that may 
be relevant for the user. In other words, a situation is defined by its contexts that limit and define 
the interactive possibilities. Within this work, I am following Anind Dey’s context definition 
(Dey & Abowd, 1999):  
Context is any information that can be used to characterise the situation of an entity. 
An entity is a person, place, or object that is considered relevant to the interaction 
between a user and an application, including the user and applications themselves. 
This operational definition of context provides a clear rule for identifying the context of 
someone or something. If a piece of information can be used to characterize the situation, it is 
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a relevant context. For example, for someone driving to work, the car’s speed in a traffic jam is 
one context of the situation because it determines when the driver reaches work.  
The context of an activity also defines its affordances and constraints. An affordance represents 
an action-possibility of an entity or its contexts. Correspondingly a constraint limits the 
possibilities for interacting, for example, the body position in cars, i.e. sitting in the front-faced 
car seat, is very static. This can be a fundamental constraint for designing movement-based 
interactions because it dramatically limits the driver’s interactive potential. However, such a 
constraint can also bear a great potential for designing a system that requires a fixed body 
position as a core interaction (Sundström et al., 2014). As I argue in this research, the leverage 
of the fundamental constraints of the in-car situation can be a powerful design element that 
compensates or even improves the given situation.  
The concept of affordances in design and human-computer interaction (HCI) was coined by 
Donald Norman (2013). He adapted the concept from the J. J. Gibson’s investigations of 
environmental psychology. In Gibson’s original theory, affordances are as simple as an action 
possibility available in the environment (Mcgrenere, Joanna and Ho, 2000) that describe an 
relationship the environment and an organism’s capabilities. An affordance is available in the 
environment independently of the actor’s perception of it. Norman translated this concept into 
design by accentuating the difference between perceived and actual properties of an object. 
Following this distinction, Gaver (1991) provided a systematic analysis of the notion of 
affordances distinguishing them into four possible categories depending on the perception of 
available information and if these perceptions afford what was perceived.  
Based on this categorization hidden affordances are action-possibilities that are not obvious in 
the design of an artefact i.e. these affordances are missing perceptual information about itself. 
In my research the identification of hidden affordances in the design space of the autonomous 
driving, turned out to be one central outcome. In accordance with Gaver (1991) and Zhang 
(2008), I introduce the notion of hidden motivational affordances as motivational properties of 
the driving situation that were covered by automation technology or other context of the driving 
situation. For example, driving a car affords a feeling of being in control of the car. Autonomous 
driving technology may hide or even prevent this feeling of being-in-control. However, as I 
will argue, the contextual alignment of a suitable interaction system into autonomous driving 
context can unfold other (action) possibilities to facilitate a feeling of control. The AutoPlay 
prototypes, explained in this exegesis, articulate solutions to uncover and leverage central 
affordances and constraints of autonomous driving through a contextual alignment.   
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2.2.3 Pleasurable	Experiences		
In the last decade, the idea of a pleasurable experience became a central objective in interaction 
and product design. According to UX researchers such as Hassenzahl and Tractinski (2006), 
designers should think beyond task-focussed usability issues and focus on designing a 
meaningful experience with their product. In their terms, the satisfaction of basic psychological 
need makes an experience meaningful:   
We argue that it is actually the fulfillment (or frustration) of psychological needs that 
renders an experience positive (or negative) and personally significant, that is, 
meaningful. – Hassenzahl et al., 2013 
Hassenzahl et al. (2013) adapted the concept of psychological needs from self-determination 
theory (Ryan & Deci, 2000) and suggest that six needs are of particular interest for interaction 
and product designers: autonomy, competence, relatedness, popularity, stimulation, and 
security. Table 1 presents an overview psychological needs including the authors descriptions. 
Table 1: Basic Psychological Needs according to (Hassenzahl et al., 2013) 
Need  Description 
Autonomy Feeling that you are the cause of your own actions rather than feeling 
that external forces or pressure are the cause of your action. 
Competency Feeling that you are very capable and effective in your actions rather than 
feeling incompetent or ineffective. 
Relatedness Feeling that you have regular intimate contact with people who care 
about you rather than feeling lonely and uncared for. 
Popularity  Feeling that you are liked, respected, and have influence over others 
rather than feeling like a person whose advice or opinion nobody is 
interested in. 
Stimulation  Feeling that you get plenty of enjoyment and pleasure rather than feeling 
bored and understimulated by life. 
Security  Feeling safe and in control of your life rather than feeling uncertain and 
threatened by your circumstances. 
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The positive fulfilment of those needs result in various kinds of pleasurable experience. 
Subsequently, pleasure can be understood as an umbrella term for all positive experiences that 
fulfil a psychological need through an interaction system.  Driving a car can be a very good 
example to illustrate a pleasurable experience. The vibration of a powerful engine (stimulation), 
mastering a winding road (competency) or the status of an expensive sports car (popularity) are 
typically associated with automotive pleasures. However, the car can also be the context for 
pleasurable experiences of relatedness, autonomy and security (Eckoldt & Schulz, 2009; 
Knobel, Hassenzahl, & Lamara, 2012; Loehmann et al., 2014). Similarly, the AutoPlay 
prototypes demonstrate that the autonomous driving situation can leverage driving pleasure 
beyond the typical associations. 
2.3 Interactive	In-car	Entertainment	
For drivers of conventional cars, entertainment was limited to auditory content such as radio 
programs, music and audio books. Only recently, infotainment and driver gamification 
approaches have been introduced. For passengers, however, a much broader range of interactive 
entertainment has been suggested and explored. In the following I present research projects that 
aim to align interactive entertainment, such as apps and games, into the context of the car. The 
first part addresses research projects that aimed a contextual implementation of in-car games. 
Even though the target of the research projects was mainly on child-passengers, the research 
provides insights how interactive entertainment can leverage the context of driving. The second 
part addresses driver gamification and infotainment research and delivers insight on aligning 
entertainment with the constrains of active driving. The research and design project are selected 
to show possible implementation solutions of in-car entertainment. An overview of related work 
is provided in a dedicated section of the AutoPlay prototype chapters.  
2.3.1 Contextual	Implementation	of	In-car	Games	
For passengers, and particularly children, the monotony of a driving situation was always an 
arena for games and play. For instance, the book Family Car Games (Greenwood, 2014) 
provides 100 games that can be played within a car. Most of the games are derived from other 
kids’ games, sometimes adopted or extended for the in-car context. In doing so, the games use 
contextual features of the driving situation, such as the changing environment of a car trip, as a 
resource for guessing or combination games. Besides elements of the surrounds such as number 
plates and traffic signs, the games also use in-car elements such as the radio or even the fuel 
2	Background	 	 Interactive	In-car	Entertainment	
 
16 
 
consumption as game input. Catch That Song, for example, motivates the players to identify 
songs while the parents use the scan function on the radio.  
Even though the book aims on entertaining younger-aged children, it shows that the context of 
the driving can be a resourceful game input for a pleasurable driving experience. In the 
following, I discuss elaborate research projects that had the goal of aligning entertainment 
technology into the design space of the car. This overview demonstrates that there are various 
ways of leveraging the constrains and affordances with the interaction system or game.   
Context as Content 
Most games from the book Family Car Games use the context of driving as the game’s content. 
Many research projects have perused a similar approach and investigated quite a large variety 
of contextual driving features as a content for a game or application. One of the earliest and 
most elaborate collections of such research projects are presented in Oscar Juhlin’s book Social 
Media on the Road (2010). Juhlin’s rationale was to investigate interactive technology to make 
the road a more social place. In doing so, he and his team designed a variety of prototypes. Each 
of the prototypes uses a specific contextual feature of the driving situation. For example, the 
prototype SoundPryer uses music listening as the content for social interactions. It enabled the 
users to tune-in and share their music with surrounding cars. Other examples were PlaceMemo 
and Road Talk, two prototypes that made the road (and its traffic) a content for social 
interactions. Whereas PlaceMemo targeted truck drivers to report and communicate broken or 
missing traffic signs, Road Talk aimed to facilitate communication based on the location of 
speed control traps. Juhin’s investigations indicate that playful or social technologies can help 
to reframe the often tense and aggressive situation of driving and road usage. His central design 
strategy was hereby, to translate one specific context of the driving situation into the content 
for discussion or communication by road users. 
Besides music and road context, the local geography, such as points-of-interests, was also 
investigated as a game input. The Backseat Game (Bichard & Brunnberg, 2006) was a story-
telling game for kids played in the rear-seat of the car. The game consisted of a handheld device 
that the players used to point at roadside objects in order to unfold the game’s story. The 
Backseat Game used an obvious element of a car passenger experience to facilitate a unique 
gameplay: the local geographies and points-of-interest. The Backseat Game enriched the 
passenger experience by adding a story layer on the environmental context. In contrast to the 
previously mentioned prototypes, the driving environment became the structure of an additional 
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virtual story. For the player, the game reframed the transportation situation into an interesting 
playground.  
Also the social situation in the car was explored as a playground for gameful interactions. Often 
car rides are one of the few moments in which parents and kids are locked up in the same 
situation. This in-car setup was explored as a context for family games to promote the social 
connections within the family. For example, Broy et al. (2011) explored game concepts that can 
played together by all passengers. The game system, called nICE, consisted of an image 
guessing game that could only be solved if each family member contributed in the game. Even 
though the game was only marginally connected to the driving context, the car was transformed 
into a vessel that unfolds pleasurable communication among the family members. 
These examples show that in-car games have the potential to reframe car transportation into a 
social experience. Whereas Juhlin’s prototypes demonstrate that specific contextual features of 
driving can be translated into a frame of social encounters among strangers, the nICE research 
leverages the existing social frame of the car and aimed to playfully enforce the social relations 
within a family. The mutual design approach of those research prototypes is the articulation of 
specified context of driving as the content of the interaction systems. 
Context as Challenge  
Juhlin’s research showed that the integration of contextual features of driving (as the interactive 
content of the game or app) is a viable way for facilitating social interaction on the road. 
However, as Sundström et al. (2014) suggests, the driving context can also constitute the central 
game challenge to enable a more situated transportation experience. In doing so, the core-
mechanic of the game must be aligned with a contextual feature of driving. To demonstrate this 
implementation concept, Sundström et al. (2014) have suggested three game prototypes that 
pursued the goal to help kids sit safely in the car.  
For example, the games RainbowBalance and emoCar were based on the counterbalance of g-
forces (the forces that a body experiences when a car takes a turn or accelerates) as the core-
challenge of the gameplay. RainbowBalance was a simple tablet-based balancing game in 
which the player had to keep a ball in a bowl by counterbalancing the impact of driving 
dynamics. To win the game, the kids had to anticipate the movements of the car and react 
accordingly which promotes a safe sitting position. emoCar used the same input but replaced 
the balancing part by an emotion simulation game. The player had to respond to the ‘feelings’ 
of the car through facial expressions. For instance, if the car stops, the car was sad and to make 
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the car happy again and progress the game, the player had to smile to a camera that was 
capturing the player’s expressions. The face recognition software only registered the players 
face correctly if the player was sitting in the desired position.   
According to Sundström et al. (2014) the biggest challenge of emoCar were the constant light 
changes while driving which made the game frustrating experiences. Instead of finding a 
technical solution for this issue, the authors embraced the light changes as the central input of 
their third game called GhostCatcher. The player of this game had to collect ghosts (which are 
telling their stories) with a magic box that contained a hidden light-sensor. Ghosts could only 
be captured when the car was driving in the dark i.e. through a shadow or a tunnel. If the box 
was opened outside of the dark, i.e. in bright sunlight, the ghost could escape and their stories 
were lost. Even though the impact of this game on the kids safe sitting position was not obvious, 
the design process of GhostCatcher demonstrated a crucial point. The exploration of the driving 
context requires an actual in-car implementation of a design concept to identify the crucial 
constraints of the situation. Only the technical difficulties of emoCar made the light/shadow 
constraints obvious and therefore made the gameplay of GhostCatcher possible. Furthermore, 
Sundström’s investigation of the design space showed that even annoying constraints such as 
light/shadow changes bear the potential for a unique gameplay. 
The central take-away from Sundström’s work is that an adaption of games or applications to 
the context of the driving can only be an initial step. The constraints of a driving situation such 
as light/shadow, the encapsulation or the restricted movements results in a suboptimal 
experience compared with the potentials of home entertainment. Instead of looking for a 
technical solution, the design focus should embrace and leverage the constraints to afford a 
unique gameplay situated for driving context. 
Context of Commuting 
Although there is a very large body of research investigating the impact of car-based commuting 
on health and environment, there are surprisingly few design-based research projects that 
explore the potential of entertainment technology for improving the commuting experience. In 
contrast to the public transportation context (Toprak, Platt, & Mueller, 2012; Wilson & 
Korsgaard, 2009), there are only two noteworthy design projects dedicated to improve the car-
based commuting experience. The concept of CommuterNews described an audio-based news 
application with the goal to enable a new way of listening and interacting with the morning 
news on the way to work (Tester, Fogg, & Maile, 2000). The idea was simple: before the 
commuter can listen to a news-story, the application will ask a series of multiple-choice 
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questions that were extracted from the content of the upcoming story. According to the authors, 
this interactive element would motivate the commuter to be more engaged while listening to 
the news. Unfortunately, the authors did not pursue any further research for this interesting 
concept. A prototype that explored the design space of such a system or a test of the implicit 
design hypothesis is missing.   
Terken et al. (2013) suggested an interaction system for on future commuting experiences in 
autonomous cars. The goal of this was to explore an in-car system that had a calming impact 
on stressed workers travelling home. For this purpose, Terken et al. (2013) developed an in-car 
interaction system that projected virtual environments onto the car’s interior. Those virtual 
environments, e.g. a rain forest simulation, could be explored by an improvised stress toy (a 
foam cube that contained a gyroscope). The researchers prototyped the system and conducted 
a simulator-based user study to evaluate the impact on the participants’ stress levels. They 
concluded that the system showed a calming potential of the users with the trade-off that it was 
not a very exciting experience.  
In contrast to the game discussed above, the contextual implementation of these two prototypes 
was not based on a driving feature but on contextual conditions of the commuter. 
CommuterNews aimed on improving existing commuting habits (listen to morning news) 
through an interactive quiz. Listening to the morning news became the trigger and input of 
cognitive stimulation of the commuter. The prototype of Terken et al. (2013) aimed on 
motivating users with a mindful relaxation exercise. In doing so, it tried to integrate the 
commuters mental condition as the contextual frame of the usage. These two concepts 
demonstrate that a contextual implementation does not only demand an integration of dynamic 
driving features; but also the user’s personal objectives or social relations can be a potential 
source for an improved contextual driving experience. 
2.3.2 Infotainment	and	Gamification	
Infotainment systems of modern cars are powerful computers and communication devices that 
are merging car sensor data, LBS, online databases and the driver data into a personalized 
experience. In the following, I introduce current developments of car infotainment systems for 
facilitating unique contextual experiences and introduce research on driver gamification. 
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In-vehicle	Infotainment	Systems	
Contextual information and in-car entertainment opportunities are usually represented through 
the car’s infotainment systems. Car-based infotainment, as a portmanteau of information and 
entertainment, has received an astonishing upgrade in recent years. Multi-modal displays and 
internet capabilities provide a rich source of information ranging from traffic updates and 
navigation to music streaming and other forms of entertainment. Because of the safety critical 
contexts of driving, car infotainment systems have been studied intensively from a usability and 
human factors angle. That research addressed novel interaction modalities such as voice control 
or intelligent, personalized menu structures (Garzon, 2012; Tashev, Seltzer, Ju, Wang, & Acero, 
2009). Besides that, research focussed on the safety and experiential conflicts resulting from 
the omnipresence of mobile devices. For example, research concluded that the legislative 
measures do not prevent the use of mobile device while driving (Heikkinen et al., 2013). As 
Heikkinen et al. (2013) points out: drivers regard the driving situation as an extension of other 
contexts (such as home and work) and therefore expect to be able to use the same services and 
entertainment opportunities. The authors conclude that a suitable integration of mobile devices 
in the infotainment system would require a contextual adaptation of services with the driving 
context. A simple mirroring of content of the mobile device on the car’s infotainment system is 
not sufficient.  
To facilitate a seamless and safe integration of personal mobile devices and the car’s 
infotainment system, communication technology companies came up with solutions such as 
Apple CarPlay or Android Auto. Whereas those developments can also be regarded as an 
attempt to propagate the corresponding mobile OS, a merger of phone and car data will provide 
a new level of personal information that could leverage the driving experience through 
personalisation and new entertainment opportunities. Modern cars contain a very large number 
of sensors to scan the driving context, check the engine performance or observe the condition 
of driver and passengers. So far, most of these sensors are entirely optimized to support safety 
features and driving automation technologies. However, in the future, the data of those sensors 
as well as the increasing speed of mobile internet may also serve as an input for novel contextual 
entertainment or game solutions. 
Subsequently, research on a meaningful integration of contextual data sources for designing 
novel in-car entertainment has gained some momentum. For example, already in 2009, 
researchers explored the personalisation of taxi experiences through access location-based 
services such as point-of-interest, weather or traffic data. TaxiMedia (Alt, Shirazi, Pfeiffer, 
Holleis, & Schmidt, 2009) investigated the technological feasibility of context-aware 
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advertisement and entertainment in taxis using multiple data sources. From a technical 
perspective, the project showed the potential of connecting location-based services with the 
personal context of taxi passengers. Following this integration, the researchers also transferred 
their concept to enable contextual micro-entertainment in traffic that is based on an algorithm 
for predicting the standing time in traffic (Alt et al., 2010). The system selects entertainment 
content that was matching the estimated standing times of the car. These two research projects 
showed a technical use case of integrating contextual data for a personalized driving experience. 
Furthermore, they demonstrated the technical feasibility of estimating the waiting times in 
traffic for a safe integration of entertainment content. From an interaction designer’s 
perspective, the projects enable insights into the technical possibilities of a contextual 
integration of varied data sources. Thus, the challenge for designers can be articulated as 
creating meaningful content to support such a technical infrastructure. Contextual data may not 
be an end in itself; but it may be useful for enriching a safe implementation of entertainment or 
non-driving activities.   
Driver	Gamification	Approaches	
Gamification is often defined as the use of game design elements in non-game contexts 
(Deterding et al., 2011). Whereas potentially all types of game design elements may be used to 
gamify a non-game context, most gamification systems use a combination of reward (and 
punish) mechanics such as points, goals, achievements, badges, leader boards, levels and 
particularly social feedback instruments to motivate the user to perform a target behaviour. 
Even though this simplified concept of gamification is ambiguously discussed among game 
designers and scholars, e.g. multidisciplinary discussed in (Walz & Deterding, 2015), reviews 
indicate that it can positively influence motivation and user engagement in many ways (Hamari 
et al., 2014; Seaborn & Fels, 2015). From a self-determination theoretical point of view, Rigby 
(2014) suggested that successful gamification involves an internalisation process of extrinsic 
rewards into intrinsic motivations. In other words, a long-term impact requires that the target 
behaviour becomes an intrinsic goal of the user. In the following, I present two types of 
gamification targets in the automotive domain and discuss their underlying goal structure: 
Gamification for safe driving and gamification for eco-driving.  
Eco-driving gamification is one of the few game-based interaction systems implemented by 
OEMs such as in Nissan’s Leaf System or Car2Go (Diewald et al., 2013) . The general principle 
of eco-drive gamification consists of a playful or gameful reward system to support a driving 
style that is ecologically friendly. The feedback-system can be very simple and non-obstructive, 
such as Nissan’s Leaf System or Ford’s SmartGauge with EcoGuide. These systems promote 
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fuel efficient driving through a playful on-board visualisation such as a virtual tree that grows 
or decays accordingly. For a detailed review on eco-driving systems see (Vaezipour et al., 
2015). For an evaluation regarding the persuasiveness or acceptance of eco-driving interfaces, 
see (Meschtscherjakov et al., 2009) also (H. Lee et al., 2010). One more interactive example is 
EcoChallenge, a competitive gamification system leveraging location-based leader boards 
(Ecker, Holzer, Broy, & Butz, 2011). Even though the authors could not validate lower fuel 
consumption through using EcoChallenge, the gamified system was well accepted as a game-
like attempt to communicate driving styles. From a technical perspective of gameful eco-
driving see (Magana & Munoz-Organero, 2015). 
Despite the rudimentary gamification concepts, eco-driving seemed to work particularly well 
because the target activity of driving eco-friendly connects intrinsic and extrinsic goals: saving 
money, as an extrinsic goal, through mastering the car as an increase of competency (intrinsic), 
with the side-effect of saving the environment. Eco-driving gamification translates the driving 
task into an extrinsically and intrinsically motivated activity. The motivational structure to 
engage in eco-driving does not require any game-mechanics to be facilitated. For some, a simple 
fuel consumption display of a board-computer or even a counter pushback pedal such as 
Nissan’s Eco Pedal approach (Meschtscherjakov et al., 2009) provides enough feedback for 
economic driving. In fact, eco-driving can be so intriguing that it compromises driver safety as 
research on eco-driving displays suggest (Haworth & Symmons, 2001; M. S. Young, Birrell, 
& Stanton, 2011). 
Safe driving gamification is, in contrast to eco-driving, a much more complex target for 
gamification. Safe driving behaviour misses not only an immediate extrinsic reward; it may 
also conflict with the many intrinsic goals of driving, including fuel-efficiency. For such 
complicated target activities, the design of a gamification system can be much more 
challenging, requiring more than just a feedback system. Researchers suggested several 
gameful solutions. For example, Schroeter et al. (2014) suggested to mix augmented reality 
(AR) and gamification to balance negative driving states such as road rage or boredom. 
Similarly, Steinberger et al. (2015) suggested a holistic design approach, based on game design 
cognition, to augment safe driving by a game-like experience accentuating the importance of 
integrating safety issues as a constructive element of the design process (Steinberger et al., 
2015). Based on this design approach, the authors developed CoastMaster a gamified ambient 
speedometer with the goal to submitting to the speed limit by minimizing paddle use 
(Steinberger, Proppe, Schroeter, & Alt, 2016). Even though, the goal of the CoastMaster study 
aimed at exploring safe driving and distraction, the selected driving scenario could also be 
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augmented by eco-driving gamification such as feedback on fuel efficiency through coasting, 
and as such, would fulfil a central issue of active driver gamification (Vaezipour, 
Rakotonirainy, & Haworth, 2016). 
With the introduction of autonomous cars, the driving task as the target behaviour of 
gamification becomes less important. In the context of autonomous driving, other aspects such 
as situational awareness, de-skilling or the over-trust/under-trust issue may become a new target 
of gamification approaches. For example, Schroeter & Steinberger (2016) suggested Pokemon 
Drive, an AR game that aims to increase situational awareness though interacting with virtual 
creatures placed by the autonomous driving system (Schroeter & Steinberger, 2016).  As well 
as this, non-driving related contexts such as in-car fitness, mindfulness or health and wellbeing 
will become the new challenges of interaction and game design of autonomous driving. 
2.4 UX	Challenges	of	Autonomous	Driving	
This chapter introduces the challenges of autonomous driving from an experience perspective. 
Since the full power of the autonomous driving experience is not yet unfolded, autonomous 
driving pleasures can only be framed by discussing and understanding related context. In doing 
so, I investigate the pleasure of driving in traditional cars and discuss research on non-driving 
activities in public transportation, and its relevancy for autonomous driving. Furthermore, I 
present an overview of expected safety challenges in future autonomous driving scenarios and 
complement them with experiential research on semi-autonomous driving.  
2.4.1 The	Pleasure	of	Driving	
Cars are designed and marketed as “ultimate driving machines” (BMW) pleasuring the driver 
simply though the activity of driving. Studying the concepts of driving pleasure in Swedish car 
advertisements and motor journalism, Hagman (2010) concluded that their version of driving 
pleasure can be defined as a function of engine power, speed and drivability (Hagman, 2010). 
If you believe car manufacturers, driving pleasure is a built-in feature expressed by a powerful 
engine, a responsive acceleration, a sporty suspension and steering setup. However, Hagman 
proposes that this marketed idea of driving pleasure differs strongly from the description of 
driving pleasures by regular car users. Through qualitative interviews with 30 Swedish users, 
Hagman suggests that real driving pleasure is a highly individual, complex and particularly a 
contextual phenomenon.   
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Most importantly, driving pleasure was described almost entirely independent of the car and 
hence strikingly different from the definition of car advertising. In other words, driving pleasure 
cannot be defined as a car feature nor a function of driving. Driving pleasure is rather defined 
by contextual aspects such as road quality, weather and traffic situations as well as personal 
aspects such as the aim of the journey. For designers, especially in the context of autonomous 
driving, those findings indicate that there are many more opportunities to instil a pleasurable 
driving experience then having control over the car or through substituting and enriching the 
driving task.  
The idea that driving pleasure is more than the driving activity also corresponds with the 
definition of pleasure in 2.1.3: Pleasure results from a fulfilment of one or more of basic 
psychological needs. The driving pleasure is strongly linked to competency, autonomy or 
stimulation of the driving task. However, driving pleasure can also result from a fulfilment of 
relatedness, popularity or security by enriching the driving with meaningful contexts. The 
importance of the context as a source for pleasurable driving has been recognised and explored 
by experience designers such as (Eckoldt, Hassenzahl, Laschke, & Knobel, 2013; Knobel et al., 
2013, 2012). In those projects, the social aspects of driving i.e. social-driving become the source 
of driving pleasure. For example, Knobel et al. (2012) suggested and tested Clique Trip a 
prototype that creates a feeling of relatedness between friends in different cars.  In doing so, it 
established a communication channel between the two cars. However, the communication 
channel needs to be maintained by closing the distance between the cars. According to the 
authors this play with distance and communication resulted in a positive experience of 
relatedness. The examples show that the context of cars and driving bears a great potential for 
various types of pleasurable driving experiences.  
Nevertheless, the motion of driving can spark a large variety of emotional responses. Emotions 
can range from a joyful thrill of speeding to unpleasant fear and distress responses (Gulian, 
Matthews, Glendon, Davies, & Debney, 1989). Furthermore, emotions also affect the driving 
style. Subsequently, driving can transform into a venting and stress coping activity (Shamoa-
Nir, 2010). In other words, driving a car does not only evoke emotional responses, the car itself 
is a medium of self-expression and hence, as Sheller (2004) suggests, an instrument to feel the 
world. The emotions and pleasures of driving are a co-creation of symbolic, kinesthetic and 
cultural contexts:  
For some the motion produces feelings of happiness, excitement or anticipation; others 
become fearful, anxious or sick to the stomach. These feelings are neither located solely 
within the person nor produced solely by the car as a moving object, but occur as a 
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circulation of affects between (different) persons, (different) cars, and historically situated 
car cultures and geographies of automobility. – Sheller, 2004.  
Beyond the momentary emotions of driving, car-based mobility has been associated with 
cocooning, privacy and feelings of independency and autonomy. These symbolic values of car 
transportation, can be crucial for understanding the motivation for car usage and thereby 
constitute to a pleasurable driving experience. As Steg (2005) concluded from an investigation 
of 113 Dutch commuters, the motivation for using car is a function of (1) instrumental, (2) 
affective and (3) symbolic motives as summarized in Figure 2. 
 
Figure 2: Motives of car use according to Steg (2005). 
(1) Instrumental motives are based on utilitarian reasoning. These motives are typically related 
to economic considerations such as the best transportation value, availability or the fastest way. 
(2) Affective motives are derived from the emotional context triggered by the driving activity as 
described above. These include personal mood, feelings of mastery and emotional control but 
also more general conception of independency and autonomy. (3) Symbolic motives summarize 
the cultural values associate with car. Typically, those values refer to the car as a status symbol 
as well as the association of symbolic features of the car to the driver. For instance, a four-
wheel drive would associate the driver with adventures and a nature exploring life-style.  
So far, autonomous driving and corresponding discussions about car ownership such as car and 
ride sharing models, have been exclusively discussed from an instrumental angle. Especially, 
in the context of autonomous driving, the affective motives of driving have been entirely 
neglected by research and industry. To explore a pleasurable autonomous driving experience, 
it is therefore crucial to also consider affective and symbolic motives of the driving context and 
articulate them through design-based investigation.  
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To sum up, driving pleasure is neither a built-in car feature nor can it be reduced to the driving 
activity as mastery and control of the car. Individual driving pleasure is rather a holistic 
phenomenon containing multiple factors and perspectives. Hence, designing for driving 
pleasure is not limited by the driving task nor by a specific fulfilment of one particular need. 
The focus on the contextual situation and personal background can be a crucial and decisive 
factor in installing a pleasurable driving experience.  
2.4.2 Beyond	Driving	Fun	
So far research on in-car games and apps was almost entirely focussed on a purpose beyond 
entertainment. Most research projects were justified as making road use more social (Juhlin, 
2010), games for sitting safe (Sundström et al., 2014) or unwinding after work (Terken et al., 
2013). It seems that safety aspects and the controversial context of driving do not justify 
research for the sole purpose of a pleasurable drive. However, with the introduction of advanced 
autonomous driving technology, the situation in the car may transform into a space for non-
driving activities that were so far unthinkable in the car context.  
Subsequently, the question what is the pleasure of autonomous driving also leads to a discussion 
of which non-driving activities are possible and desirable in the context of autonomous driving? 
To approach this question, researchers asked current car drivers as well as public transport users 
about their preferred activities in a future of fully autonomous driving. Several surveys on this 
issue have been conducted with rather indifferent conclusions. For example, in an online survey 
from the Transportation Research Institute of the University of Michigan, a total of 1,533 
participants from the US, the UK and Australia were asked about their attitude toward 
autonomous driving (Schoettle & Sivak, 2014). The participants were asked: If you were to ride 
in a completely self-driving vehicle, what do you think you would use the extra time doing 
instead of driving? The most answered activity (41%) was watching the road followed by the 
statement I would not ride in a self-driving vehicle (22.4%), reading (8.3%), communicating 
(7.7%) and sleep (7.0%). Surprisingly very few participants would like to work or study (4.9%) 
and even less would like to play games (2.0%). These results show that there is a latent 
scepticism about the benefits and the availability of autonomous driving. The results also 
indicate that it is not easy to imagine the possibilities of the novel context of autonomous 
driving. Similar result can be concluded of (Kyriakidis, Happee, & De Winter, 2015). 
Interestingly, the answer tendencies change when the participants are asked about micro-
entertainment during conventional driving. For example, an online survey with 127 participants 
from the University of Essen-Duisburg, concluded that 45.3% would like to read emails during 
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short interruptions such as at traffic lights (Alt et al., 2010). This strong difference may likely 
result from the difference in articulating the question and analysing the answers. However, these 
differences in both studies suggest that an investigation of non-driving activities may require a 
different approach then conducting questionnaires. 
Another source of information to investigate non-driving activities in autonomous cars can be 
acquired through related research on current train passengers. The British National Rail 
Passengers Survey (Lyons, Jain, & Holley, 2007) analysed the answers of 26,221 passengers 
about their travel purpose, their use of travel time and how worthwhile they evaluated the 
activities while travelling. Most commuters reported that they dedicate their travel time reading 
for pleasure (42%) whereas working or studying is less likely (13%). Window gazing/watching 
people, on the other hand, was reported as some times with 49% (out bound) and 48% (return) 
and as the activity most of the time 12% (out bound) and 11% (return). The qualitative 
evaluation of the commuting time was split between worthwhile (22%), I made some use of my 
time (53%) and wasted time (22%). The findings imply that most commuters are actively 
seeking a pleasurable activity beyond working or studying which puts the commuting 
experience to good use, rather than a waste of time.   
Even though the results cannot be directly translated to an autonomous driving experience, the 
findings imply that future rides in autonomous cars have a great potential for being interpreted 
as quality time. This could be enforced through the increased privacy in autonomous cars 
compared with the situation on a train. Another interesting aspect of the two studies is the desire 
to embody the travel context as a kinaesthetic pleasure of being in motion. The highly valued 
items like window gazing or watching the road may indicate that car and train passengers like 
to be in sync with the transportation situation. As Bull framed it, by looking through the 
windscreen, drivers become spectators that transform their own world into a cinematic stream 
of objects (Bull, 2004). This alignment with the transportation situation may trigger moments 
of mindfulness and self-reflection. In that way, the presented studies allow the conclusion that 
a contextual connection of non-driving activities with autonomous driving may be a promising 
way to design pleasure as kinaesthetic stimulation and self-reflection.  
2.4.3 Challenges	of	Autonomous	Systems	
Interaction and collaboration between humans and autonomous systems have been studied 
outside the automotive domain for a while. For example, ergonomics and human factors 
research in the aviation industry resulted in a large body of research on crucial issues of 
automation and its effects on the operator. The reduction of the human operator to a passive 
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supervisor of automated processes comes along with many drawbacks and biases that might 
also affect the driver of future autonomous cars. According to Wolf (2016) the three central 
challenges of automation are: (1) Insufficient or excessive trust in the automation technologies. 
(2) Deskilling i.e. the loss of adequate manual and cognitive intervention capabilities and (3) 
the maintenance of an appropriate degree of situational awareness. Even though those 
challenges are the concerns of automation engineers, car manufacturers and legislators, in-car 
experience designers may provide suitable approaches to solve specific elements of those 
challenges.  
Trust	in	autonomous	systems	
As Parasuraman and Riley point out, autonomous systems cannot be used without trusting them 
(Parasuraman & Riley, 1997). Too little trust results in avoidance and fear. Too much trust 
results in misuse of the technology, a phenomenon that can already be observed through internet 
video in which car owners show-off their car’s autonomous driving capacities in irresponsible 
manners. Trust as a central user experiential factor needs to be balanced, not only to facilitate 
a safe usage of the automation technology, but also towards a relaxed and beneficial driving 
experience.  
To increase trust in autonomous driving situations a variety of approaches have been proposed. 
For example, researchers suggested to increase trust by communicating the system’s processes 
to the users i.e. creating transparency of the system’s environmental perception. Beattie et al. 
suggested a taxonomy of sounds as an information display to promote driver awareness and 
control in an autonomous driving scenario (Beattie, Baillie, Halvey, & McCall, 2013). Koo et 
al. suggested to increase trust through immediate explanations of automated driving events 
(Koo et al., 2015). Lee et al. (2016) suggest that trust may be increased by a user’s continuous 
evaluation and rating of the system’s driving performance (J. Lee et al., 2016). Similarly, Miller 
and Ju (2015) suggested combining human and machine intelligence to create a joint cognitive 
system (Miller & Ju, 2015). All these approaches deal with trust as an interactive or 
communicative issue of the autonomous driving context. However, one shortcoming of the 
suggested solution is that a system continuously interrupts or reminds the inactive driver about 
the automation process. Trust is increased through transforming the driving task into a 
supervisory activity, be it through rating, through explanation or through warning sounds. It 
seems that HCI researchers forget that driving is foremost an ordinary, routine activity (Laurier 
& Dant, 2012) and an artificial integration of the driver as a form of “placebo driving” with the 
purpose to keep the driver in-the-loop, seems to me, a contrast to the promises of autonomous 
driving. A pleasurable autonomous driving situation would require a subtler way of 
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communicating the integrity of the autonomous driving system. This could be done through a 
contextual integration of the state of the automation system into a meaningful non-driving 
activity. 
Deskilling	of	driving	performance	
Research on driver automation systems and in the aviation domain showed that reliance on an 
assistance system can have a negative impact on the capability when manual operation is 
required (Dismukes, Berman, & Loukopoulos, 2007; NA Stanton & Young, 2005). In a future 
of autonomous driving, the question how to maintain driving skills or train new skills required 
for safe autonomous driving may arise. Even though this issue will require attention from 
automotive safety engineers and legislators, it is not unlikely, that it also presents an opportunity 
for game and interaction designers to contribute a fun and pleasurable solution for in-situ 
training of the required driving skills (Meschtscherjakov et al., 2015).  
Situational	awareness	and	responsibility	
Each level of driving automation (see 2.1.1) demands an adaptation of driving skill and response 
time but also a specific degree of the drivers’ situational awareness. According to Gugerty 
(1997) the lack of situational awareness is currently the most likely reason for making a driving 
mistake (Gugerty, 1997). Moreover, current car passengers show very dangerous patterns of 
situational awareness. If those patterns are repeated by the inactive driver of an autonomous 
car, their response in case of an emergency could have dangerous consequences (Mccall, 
McGee, Meschtscherjakov, Louveton, & Engel, 2016).  
Situational awareness of driving requires more than just perceiving the objects of the 
environment. As Endsley (1988) suggests, higher levels of situational awareness require an 
understanding of the meaning of the perceived objects as well as some strategic projections of 
the future (Endsley, 1988). The question what is an adequate level of situational awareness in 
a higher level autonomous driving situation will ultimately depend on the ability to react 
appropriately to a hand-over request of the car. Ultimately, these questions, like the deskilling 
question, need to be answered by automotive safety engineers and legislators. However, from 
a UX designer’s perspective, the most relevant question is what level of situational awareness 
facilitates a pleasurable autonomous driving experience and how to maintain situational 
awareness by performing meaningful non-driving activities?  
One principle of human-centred automation design in aviation suggests to deal with the 
drawbacks of automation by referring the ultimate responsibility to the human, regardless of 
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the decision capacity of the automation system (Billings, 1997). The human should oversee and 
cooperate with the system in a continuous, visible manner and be constantly in-the-loop. For 
autonomous driving, this solution can be a hindrance in the user adoption of the technology 
since the selling proposition is a relief of responsibility and a liberation from driving. However, 
contextual games and non-driving that enable a pleasurable way of maintaining situation 
awareness could be a promising solution. With approaches, such as the mentioned Pokemon 
Drive (Schroeter & Steinberger, 2016), situational awareness becomes a central experience 
coupling positive and meaningful aspects of the transportation scenario (as presented in 2.3.1). 
Seen as an experiential factor, situational awareness enables orientation and engagement with 
the environment and thus can translate the monotony and boredom of the supervisory 
requirement into a meaningful driving experience.  
2.4.4 Studying	Autonomous	Driving	Experiences	
As an emerging technology, the study of autonomous driving experiences faces a major 
challenge: The unavailability of higher-level autonomous driving technology in a real-life 
driving situation. To compensate for the lack of autonomous cars, researchers can either study 
lower-level driving automation (and project the finding onto autonomous driving) or simulate 
higher autonomous driving scenarios.  
Whereas lower-level driving automation has been studied intensively from a ergonomics and 
human factors perspective (de Winter, Happee, Martens, & Stanton, 2014; NA Stanton & 
Young, 2005), there is little research addressing the experiential i.e. hedonic qualities of such 
technology. One interesting exception was Eckholdt et al. (2012) investigation of the hedonic 
experiences of Adaptive Cruise Control (ACC) (Eckoldt et al., 2012). Conducting a series of 
semi-structured, phenomenological interviews, the research suggests that ACC was neither 
experienced as a facilitator of the driving pleasure nor was it experienced as something that 
relieves or liberates the driver from the burden of driving. The use of ACC resulted in feelings 
of reduced competency and lost control over the car. From those findings, Eckholdt et al. 
concluded that the designer of autonomous driving technology should envision the technology 
not as an assistance system but as an empowerment of the users’ psychological needs. 
Translating those findings to the autonomous driving experience, the empowerment could result 
from being engaged with a non-driving activity that embodies and showcases the powerful 
computational capacity of the automation system.  
Just recently, researchers have started to survey the attitude and experience of more advanced 
driving automation technologies in the real world. Based on an online survey with 162 Tesla 
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owners, Dikmen and Burns (2016) explored the experience of, and attitudes towards Tesla’s 
AutoPilot (Dikmen & Burns, 2016). The results showed that almost all Tesla owners were 
actively using AutoPilot (90.1%) and almost a third always use AutoPilot (31.2%). Even though 
62.4% reported that they experienced at least one unexpected or unusual behaviour during 
autonomous driving mode, the general attitude was overwhelmingly positive. However, the 
participants emphasized that they were always paying attention to the road and kept their hands 
on the steering wheel. They also reported the importance of learning the limits of the 
technology. The results imply that at this early stage, autonomous driving experiences do not 
differ substantially in terms of non-driving activities and situational awareness. Nevertheless, 
the technology was evaluated very positively. This poses the question, how does the driving 
behaviour and driving experience change when the novelty of the technology wears off? When 
the inactive driver starts to trust the system but is still expected to maintain a certain situational 
awareness, there will be a growing need for a system that accentuates the experience of being 
driven while enabling a meaningful non-driving activity.  
For interaction designers and human factors researchers who do not have access to road-worthy 
autonomous driving prototypes, it is very difficult to research the impact of autonomous driving 
in an everyday context. Therefore, researchers often use lab-based driving simulators, ranging 
from simple desk-based driving simulators to high-fidelity driving simulators that can deliver 
high levels of immersiveness (Ive, 2014). Another promising solution is the implementation of 
a Wizard-of-Oz (WoZ) setup into a manually driven car such as (Baltodano, Sibi, Martelaro, 
Gowda, & Ju, 2015) and (Rothenbücher, Li, Sirkin, Mok, & Ju, 2016). The principle of WoZ 
autonomous cars is to hide the manual driver of the car from the participant. The benefit of a 
WoZ-based autonomous driving setup is to conduct real-world user studies with technologies 
not yet available or too expensive to purchase. Inspired by these approaches, I simulated 
autonomous driving using in-lab driving simulators as well as real-road Wizard-of-Oz test 
setups.  
2.5 Summary	
This chapter defined the central terms of the exegesis and discussed design and research projects 
crucial for understanding design opportunities of pleasurable in-car experiences. The literature 
and design review of in-car games and interaction systems indicated that the design space of 
autonomous driving constitute a huge potential for novel interactive experiences that leverage 
on the particularities of the driving context. 
2	Background	 	 Summary	
 
32 
 
The discussion of non-driving activities showed it is very difficult to imagine desired activities 
of a future autonomous driving scenario. Furthermore, as Sundström et al. (2014) demonstrated, 
the identification of the constraints and affordances of the car’s design space required an actual 
in-car implementation of a prototype. From that literature, I conclude that an articulation of an 
inspiring future of autonomous driving experience requires an iterative design process and an 
in-car implementation of possible solutions to identify the difficulties of the design space of 
autonomous driving.    
Driving pleasure is not a car feature, nor solely based on the driving activities. It is rather a 
contextual phenomenon that relies on a fulfilment of psychological needs. The contextual 
nature of driving pleasure can be a valuable source for designing and implementing meaningful 
non-driving activities. Moreover, the discussion of the challenges of autonomous driving, and 
automation systems in general, showed an urgent need for game and interaction designers to 
address the future autonomous driving scenario as a possibility for unique in-car experiences. 
Thereby, I concluded a contextual implementation would be a suitable approach to leverage an 
embodiment of the driving pleasure and provide a purpose beyond gaming such as maintaining 
the driver’s situational awareness, balancing trust in automation technology or preventing 
deskilling of the driving task.  
Ultimately, the discussion of autonomous driving and driving pleasure was setting the stage for 
a design-based investigation of pleasurable driving experiences. It identified the driving context 
as a crucial resource for designing driving pleasure in autonomous cars through an embodiment 
of the driving through a non-driving activity. Furthermore, this embodiment of driving may 
lead to the potential benefit of maintaining a pleasurable situational awareness for safer 
autonomous driving.  
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	3	
Methodology	
This chapter presents and discusses the methodology that informed the design and the 
evaluation of three AutoPlay prototypes. Based on a discussion of the research problem and the 
corresponding research questions, I present the design and research objectives and discuss the 
epistemological consequences that justify a Research-through-Design (RtD) approach. In doing 
so, I provide insight how and what type of knowledge can be expected from RtD in which the 
design artefact constitutes the core of the contribution. Furthermore, I present the pragmatic 
stance from which I derive the methodical exploration of the three AutoPlay prototypes. Besides 
presenting the central evaluation instruments used to identify the player’ experiences, I describe 
the data gathering techniques and the data analysis approach applied in preliminary research 
and the final user studies that were used to assess a pleasurable autonomous driving experience.   
3.1 Autonomous	Driving	as	a	wicked	problem	
Even though astonishing advancements in automated driving technologies have been made in 
recent years, autonomous driving (as defined 2.3.2), is still an emerging technology. In 
particular, the everyday use of autonomous driving can only be a speculation at this point in 
time. The impossibility of studying real-world autonomous driving experiences demands that 
designers and researchers must create a speculative contextual frame for investigating 
autonomous driving. In other words, autonomous driving is a largely undefined scenario with 
potentially an indefinite number of possible solutions for creating a pleasurable and desirable 
experience. Not only an infinite number of non-activities for autonomous driving are possible, 
there is also an infinite number of possible configurations for aligning those non-driving 
activities into the design space of the car. This undefined and complex design space of 
autonomous driving and the potentially unlimited number of possible solutions established a 
design problem that can hardly be reduced to one single true solution. A solution would always 
be of a constructive, explorative and exemplifying nature.  
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In social policy planning, these types of problems have been called wicked problems (Rittel & 
Webber, 1973). Wicked problems do not have a true-or-false solution because the definition of 
the problem is unclear, incomplete or impossible to recognize. Solutions to those types of 
problems can only be evaluated as a good-or-bad solution depending if they are working and 
improving the situation in question or not. In other words, there are no objectively true answers 
to wicked problems. However, by iterative articulation process of good solutions, in the context 
many possible good solutions, wicked problems can be continuously framed and explored 
through a reflective process. In the case of future autonomous driving, the experience can 
neither be fully described nor is there a true answer for establishing a pleasurable driving 
experience. As a wicked problem, a pleasurable experience of autonomous driving can only be 
a solution of exemplary understanding of what is possible, and correspondingly, an articulation 
of its contextual frames. A possible solution for autonomous driving would articulate driving 
pleasure as an experience-able artefact and hence, it would enable a first framing of what is 
possible in the design space of autonomous driving.  
3.1.1 Unfolding	the	Research	Question	
The wickedness of autonomous driving as a research and design problem required that the 
underlying research questions were subject to a continuous development and framing through 
design and research activities. Those refinements of the research questions were the pragmatic 
lens that guided design and research activity and help to gain an understanding of the 
particularities of the context of future autonomous driving. As mentioned in the introduction, 
the initial framing (hence the first approach to define the research problem) established 
autonomous driving as a design problem: 
How to design pleasurable driving experience for future autonomous driving? 
This basic question represented the initial frame for research activity led by the objective of 
designing a desired state of future autonomous driving. Based on a literature and project review, 
I initiated an iterative design and research process with the goal to frame the context of future 
autonomous driving and thereby refine and articulate the research question to a series of 
relevant sub-questions: 
RQ 1: What entertainment opportunities or meaningful non-driving activities are 
possible in the design space of autonomous driving? 
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RQ 2: How to leverage the potential of autonomous driving (i.e. the unique 
transportation situation) as a meaningful or pleasurable input into the non-driving 
activity?  
RQ 3: What design and evaluation tools can guide the exploration of user experiences 
in the context of a speculative future of autonomous driving? 
Whereas RQ 1 and RQ 2 were explorative questions aiming on gaining knowledge about 
possibilities (i.e. what is possible?) and potentials of autonomous driving (i.e. how to 
leverage?), RQ 3 was processual and reflective, aiming on practical knowledge from the design 
and evaluation process. As mentioned before, there are potentially unlimited numbers of 
answers to those questions and all of them would be exploratory and exemplary since it required 
to envision a possible future scenario of the everyday use of autonomous driving. Nevertheless, 
the contribution of the research is the framing of upcoming challenges of future automotive 
user experience design, facilitated by an iterative understanding of the potentials of autonomous 
driving for unique non-driving experiences. 
3.2 Research-through-Design		
The undefined scope of autonomous driving as a wicked design problem required an 
epistemological model that generates knowledge through an explorative and exemplary design 
process. The idea of gaining research knowledge through reflective design practice has recently 
been labelled as a research through design or also constructive design research (Koskinen, 
Zimmerman, Binder, Redstrom, & Wensveen, 2011; Zimmerman, Forlizzi, & Evenson, 2007). 
The premise is that designers can make substantial research contributions by suggesting and 
iterating a design artefact as one possible solution for a wicked design problem.  Research is 
conducted through a design process as well as a reflection of the artefact in the form of a 
physical and demo-able solution to the problem. The artefact articulates one possible solution 
by showcasing a possibility of transforming the world from the current state to a preferred state 
(Zimmerman et al., 2007). Furthermore, the documentation and reflection of the design process 
can be considered as a research contribution as it enables a continuous, systematic and iterative 
framing of the problem in the form of a reflective process of ideating, prototyping and user 
testing: 
Through an active process of ideating, iterating, and critiquing potential solutions, 
design researchers continually reframe the problem as they attempt to make the right 
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thing. The final output of this activity is a concrete problem framing and articulation of 
the preferred state, and a series of artifacts—models, prototypes, products, and 
documentation of the design process. –Zimmerman et al, 2007 
According to Zimmerman et al. the right thing can be evaluated and judged based on four 
lenses: (1) The design process needs to be documented so it can be reproduced.  (2) The 
invention has to be novel which requires a dedicated project and literature review. (3) The 
contribution needs to be relevant to the problem scope i.e. the preferred state should be 
mentioned and (4) extensibility; which means that it has the potential to connect to future 
research.  In accordance with these evaluation criteria of RtD contributions, the design process 
was guided by a set of desired objectives and the artefacts were accompanied by rigorous set 
user testing and reflections to match and evaluate the user experience with the desired context. 
The iterative design process resulted in three artefacts that enabled a frame for articulating an 
answer of the unfolded research question and therefore contribute to gain understanding of the 
experiences of future autonomous driving as a research and design problem.  
In the following, I will present three aspects of RtD that are crucial for understanding the 
foundational epistemological perspectives of the AutoPlay research. First, I introduce a series 
of design objectives articulated to guide the design and evaluation process. Furthermore, I 
discuss the role of the prototypes as the central contribution of the RtD approach. The 
prototypes are a physical embodiment of an exemplary solution of a pleasurable autonomous 
driving experience. As a design artefact, the prototypes enable reflection and frame of a possible 
design space of future autonomous driving experiences. Lastly, I briefly discuss the forms of 
knowledge that can be expected from an RtD investigation.  
3.2.1 Designing	a	preferred	state	
The design process was led by five design perspectives that envisioned the design of a possible 
preferred state of an autonomous driving experience. However, it is important to mention that 
these design perspectives are not a conceptual definition of the artefacts but an initial frame of 
the design activities that had the three AutoPlay prototypes as its outcome. In accordance with 
RtD, the preferred state of autonomous driving should be implicit in the AutoPlay prototypes 
as a physical hypothesis (Koskinen et al., 2011). In other words, the design perspectives guided 
the design of the prototypes that enabled a tangible and demo-able experience of a desired and 
preferred situation of autonomous driving. Therefore, the following five design perspectives 
present only an abstract framing of a desired state of experiencing autonomous driving through 
a pleasurable non-driving activity. These design perspectives were inspired by literature and 
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project reviews of automotive experiences in general, and further framed and established by 
conducting a contextual inquiry (see 4.1) during the preliminary research activity. 
1. From literature on driving stress I concluded that the artefact should empower the user 
in difficult, everyday driving situations such as traffic congestions or commuting. 
2. To enable an embodied experience of driving as framed in the previous chapter, the 
design should acknowledge the autonomous car as a communicative agent in relation to 
the driver and the environment. 
3. The autonomous driving experience should promote the drivers’ wellbeing through a 
meaningful integration of explorative, self-reflective, healthy or creative activities. 
4. As safety research on autonomous driving points out: the designed system should 
acknowledge a necessity of driver awareness (as a possible safety constraint) in their 
concepts. 
5. As the discussion on games (2.3.1) and the pleasure of driving (2.4.1 and 2.4.2) suggest: 
the non-driving activity should emphasise or leverage the hidden or perceived 
motivational affordances of the future autonomous driving situation.  
The most prominent criteria of the design objectives were the contextual integration of 
interaction system and autonomous driving. Literature review and preliminary research 
indicated that a pleasurable and unique experience would rely on a leverage of the system’s 
core-experience with the constrains and affordances of the given situation. The articulation of 
contextual integration as a design objective provided a frame for ideating non-driving activities 
and interaction concepts for the target context. Besides this, the design objectives played a 
central role in speculating the features of the target context. Autonomous driving is an 
undefined design problem and thus had to be established as the context of the design activity. 
Thereby the design objectives were guiding the progress and providing a scheme for evaluating 
the user experience. 
3.2.2 The	Role	of	the	Artefact	
In RtD the prototype has a crucial role: for the creation of knowledge through the design process 
as well as an artefact for reflection and evaluation. The artefact makes the preferred state 
experience- and demo-able and serves as a tangible and inspiring solution for the research 
problem. As a concrete embodiment of theory and technical opportunities (Zimmermann et. al, 
2007), the artefact crosses the barrier between academic research, involving models, theories 
and/or technical engineering, and non-academic design practice aiming on building real-world 
use cases and benefits. Thus, the artefact builds the interface between the research community 
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and the practice community by making conceptual findings, models or theories tangible and 
accessible to future design (and research).   
Moreover, the prototyping of the artefact, as a reflective design practice, enables insights about 
the specifics of the problem that are impossible to recognise without trying to design a working 
solution. The prototyping process is a form of thinking through design that results in surprise 
and subsequently novel realization that would not be possible by academic research alone: 
The epistemic production of concrete prototypes provides the crucial element of 
surprise, unexpected realizations that the designer could not have arrived at without 
producing a concrete manifestation of her ideas. – Klemmer, Hartmann, & Takayama, 
2006 
In the production of relevant knowledge, the three AutoPlay prototypes played the central role 
in framing a vision of autonomous driving that makes the unique features of the driving 
situation a tangible source of the experience. As a physical hypothesis of a preferred state of 
autonomous driving, the three prototypes are the core contribution of the research project. 
Besides this, the prototypes are also design artefacts that served as an instrument for gaining 
intermediate knowledge through user studies and the reflection of the design process. Hence, 
the AutoPlay prototypes are both: a physical solution that have addressed research question 1 
and 2 (i.e. the what and how to design for autonomous driving) and an artefact that constituted 
a frame for understanding autonomous driving as a design problem resulting in new knowledge 
about the design process (research question 3).  
3.2.3 Knowledge	through	Design	
Design artefacts are not the only type of contribution in RtD. According to Zimmerman et al. 
(2007) research contributions can be threefold: an identification of new opportunities of novel 
technology, the already mentioned concrete embodiment of theories and models through the 
artefact (as a transfer of research to practice), and a holistic research contribution such as the 
balancing of intersecting and conflicting perspectives. In all three forms of contribution, the 
prototype plays an elementary role. However, research contributions can also be communicated 
on a more conceptual level, as derived from the impact of the artefact on the user in context of 
the research problem. Höök and Löwgren (2012) introduced the term intermediate-level 
knowledge to define a contribution that bridges the gap between universal theories and design 
instances i.e. concrete, particular solutions of a real-world problem. Subsequently, 
intermediate-level knowledge can be defined as knowledge that plays a direct role in the 
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creation of new designs (Höök & Löwgren, 2012). This best-practice knowledge can be in the 
form of heuristics, design patterns, guidelines and tools but also experiential qualities and strong 
concepts. This type of knowledge can be acquired reflectively from the ideation and design 
process or also empirically through dedicated user studies with the artefacts.  
The AutoPlay prototypes contribute to the domain of interaction and game design as artefacts 
and as intermediate-level knowledge that was derived from design process and user studies. As 
artefacts they framed the design space of future autonomous driving and exemplify the 
opportunities of non-driving activities. As research prototypes they provided insight on the 
experiential impact of connecting non-driving activities with the context of autonomous driving 
resulting in intermediate-level knowledge about experiential qualities, design guides as well as 
novel design tools for exploring emerging driving technologies. 
3.3 Experience	Evaluation	
In this section, I present an overview of the research instruments used for evaluating the 
iterations of design and development. Hereby the special focus is on presenting the methods of 
the major experience studies of the AutoPlay prototypes which aimed to evaluate the 
prototypes’ impact on the driving experience. Whereas the evaluation of the particular design 
decisions during the prototyping phase were based on ad-hoc focus groups, the evaluation of 
the three major prototype studies was based on rigorous data gathering and analysis instruments. 
In the following, I first introduce the pragmatic stance as the basis for selecting the research 
instrument. Furthermore, I discuss crucial aspects of the data collection and data analysis of the 
used evaluation instruments of preliminary research and major user studies. The focus of this 
discussion is on providing insight of the general concepts of research instruments. Details and 
particularities regarding the concrete application of those instruments can be found in the 
following design and prototype chapters. 
The participation in the user studies was voluntary and not rewarded or otherwise credited. Each 
participant signed an informed consent in accordance with the College Human Ethics Advisory 
Network at RMIT University. 
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3.3.1 The	Pragmatic	Stance	
Table 2 shows an overview of the research design of the three major experience studies of the 
AutoPlay prototypes (AutoGym, AutoJam and AutoRoute) with a total of 52 participants. The 
three major user studies were conducted in a lab-based car simulator setup (e.g. 3.3) and, in-
situ, based on a modified passenger car or in a wizard-of-oz-like autonomous car (e.g. 4.2 and 
5.2). All three studies consisted of a playtest and a semi-structured interview conducted 
immediately after and in the context of the playtest situation.  
Table 2: Overview of methods of the experience studies of the prototypes. 
Prototype Setup N Data gathering Data analysis 
AutoGym Simulator-based 
playtest 
28 Pre-post-questionnaire, 
audio-recorded semi-
structured interviews 
Statistical 
evaluation (SPSS), 
thematic analysis 
(NVivo) 
AutoJam In-car playtest 14 Video recording, semi-
structured interview 
Thematic analysis 
(NVivo) 
AutoRoute Field-based 
playtest 
10 Video recording, semi-
structured interview 
Thematic analysis 
(NVivo) 
All evaluation methods of the three major studies were selected based on pragmatic worldview 
(Creswell, 2003). As a pragmatist, I do not fully commit to any system of thinking or any 
overarching research paradigm, I adopt thoughts and methods that work best for defining or 
solving the research questions. According to Rossman and Wilson, the pragmatic stance 
accentuates the research problem and uses all available strategies and methods that may solve 
this problem (Rossman & Wilson, 1985). The pragmatic stance provided the philosophical 
underpinning for judging the prototype’s impact in the context of a such a novel and complex 
design space like future autonomous driving. The wickedness of future autonomous driving 
required a simulation and improvisation of the research context in order to successfully match 
research instruments with design goals, research questions and the constraints of prototypes and 
test setup. 
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3.3.2 Data	collection	techniques	
In the following, I introduce the three main data collection techniques of the major prototype 
studies and the preliminary research: audio and video recordings, semi-structured interviews 
and questionnaires.  
Audio	and	Video	Recordings	
Researchers have been successfully using video and audio captures to study interactions and 
behaviours for a long time (Preece, Rogers, & Sharp, 2011). Video and audio recording were 
the central data collection and documentation techniques in both studies: the preliminary study, 
i.e. the contextual inquiry of car commuters (Chapter 4), as well as the major user studies of the 
final prototypes. In the preliminary study, the video recording footage was the core material for 
connecting the participants’ behaviour with the context of the trip. Two video cameras were 
used to capture the participant as the front-seat passenger and simultaneously capture the traffic 
situation. The recording of the two cameras were synced together so that during the video 
analysis, each significant interaction of the participant can be matched with the current traffic 
and driving situation. 
Similarly, each in-situ user study (AutoJam and AutoRoute) was fully video recorded, including 
the playtesting of the prototype as well as the following semi-structured interview. In contrast 
to the commuter study only one GoPro 3 wide-angle camera was used to capture the playtesting 
and the in-car interviews of AutoJam and AutoRoute. The camera was mounted on the car’s 
dashboard, the wide-angle lens captured the whole upper body of the participants as well as the 
interactions with the prototypes. The AutoGym study was conducted in an improvised lab-based 
driving simulator with audio recording of the semi-structured interviews.   
Semi-Structured	interviews	
In exploratory qualitative research projects, interviews play an important role and have been 
successfully used as data gathering techniques in a variety of domains (Creswell, 2003; Preece 
et al., 2011).  Open question, semi-structured interviews were used as the central data collection 
methods in three major studies of the prototype. All interviews were conducted immediately 
after playtesting the prototype with the goal to capture the immediate impact of the prototype 
while still in the context of the car. The interviews were recorded by video or, in the case of 
AutoGym, by audio only. Semi-structured interviews for explorative research are widely 
accepted in social and psychological contexts and the pro and cons are discussed extensively 
(Opdenakker, 2006). The pragmatic reason of using semi-structured interviews in the major 
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studies of the AutoPlay prototypes was the ability to obtain detailed personal experiences of 
using the prototype through the participants’ own words while being able to instantly follow up 
on interesting points. The interviews of all three studies were structured towards identifying the 
experience with the artefact and its impact on the driving situation. The interview structure for 
each study can be found in Appendix A.  
Questionnaires	
Two types of questionnaires were used in the user studies. For the purpose of recruitment, one 
online questionnaire was compiled using the survey software Qualtrics. This questionnaire 
contained a set of demographic and administrative questions regarding participants availability 
to attend the study, as well as several open questions on personal commuting and driving 
experiences such as how they feel during commuting, what they listen to while driving as well 
as car ownership and commuting patterns. This questionnaire was primarily of an 
administrative nature aiming to gather information of potential participants for the following 
user studies.  
Besides the registration questionnaire, a standardized self-determination theory questionnaire 
developed by Shelden et al. (2012) was used (e.g. 5.2.1) which was completed by the user 
before and after playtesting the AutoGym prototype. The goal was to identify the impact of 
playing AutoGym on five scales: autonomy, competency, stimulation, safety and self-esteem. 
This questionnaire was also complied with Qualtrics and presented to the participant on a 
separate laptop. Details on the questionnaire and the results are presented in the Chapter 5: 
AutoGym. An excerpt of the questionnaire can be found in Appendix A. 
3.3.3 Data	analysis	
To categorize and structure the large amount of data obtained from video and audio recordings 
of the playtesting, interviews, group discussions and the contextual inquiry, I used the 
qualitative research software NVIVO 10. In qualitative research, findings are based on 
generalized concepts or prominent themes identified from the source materials (in my case 
particularly from the semi-structured interviews). The articulation of such themes and concepts 
is grounded in data and require a systematic and iterative analysis process. In the following, I 
introduce the central principles of coding and analysing the interviews and describe how I 
analysed the video footage.  
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Coding	and	analysis	of	the	interviews	
After reviewing and editing the raw video and audio material of the interviews and group 
discussions, I imported them into NVIVO for further analysis. As a first step I transcribed the 
interviews and set up a case classification with demographic data. I then used a multi-layered 
coding process to reduce the material to abstract concepts. The general purpose of reducing the 
research material by coding or clustering the content is to enable a higher-level of thinking 
about the data (Neuman, 2006). The coding process consisted of a free coding session and 
several rounds of axial or relational coding in which I tagged, annotated and clustered the 
results on a thematic analysis (Braun & Clarke, 2006). The purpose of the free coding session 
was to diverge and explore emerging themes in the interview data. The axial and relational 
coding was then to focus on the relationships between the emerging themes and further reduce 
them to strong themes relevant in the context of the research questions. As explorative research 
with a broad research scope, the themes contained generalisation but also particularities and 
unexpected nodes that have appeared in the coding process. In accordance to thematic analysis, 
I finalized the analysis by continuous reviewing and refining of the themes. Ultimately I named 
the remaining themes in relation to their specific codes and their annotations. Generally, the 
analysis was completed by writing a report that described the themes as abstracted and 
conceptualized results of the interviews from which further implications and interpretations can 
be discussed or concluded. Further details about the coding and analysis results are reported in 
dedicated sections of Chapters 4-7. 
Video	analysis	
The final AutoPlay prototype studies and the contextual inquiry were video recordings. 
However, in the final AutoPlay studies only the semi-structured interviews were transcribed 
and subjected to an intense analysis as described above. The recordings of the playtesting were 
only reviewed to gain information about the participants’ performance in the game. In 
particular, the AutoJam game could not be completed by all participants and from a design 
perspective, the recordings of the playtesting provided interesting information about the most 
arduous parts of the game. In contrast to this, the video footage of the contextual inquiry was 
the main data source and as such, subject to intensive analysis. After the video material, two 
cameras were synced and edited using Adobe Premiere CS6, I categorized and annotated the 
video and audio content frame-by frame. Each significant change of the user behaviour, the 
traffic or surrounding context or the participants’ narrations were collected as a screenshot and 
annotated for future reference. The process and results of this video analysis are further 
explained in 4.1 Contextual Inquiry in the next chapter.   
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3.3.4 Integrated	Design	Evaluation	
Besides conducting studies that inquire on the participant’s experience, the prototyping process 
was complemented by a series of integrated design evaluation activities, in particular, by focus 
groups. The goals of the focus groups were to validate a design feature or test the usability of a 
specific iteration of the prototype. In addition, the design activities were rigorously documented 
by a digital design repository containing a design diary, technical and conceptual files as well 
as structured and unstructured documents from the ideation sessions and focus groups. In the 
following, I provide a brief introduction to these two integrated design evaluation instruments.  
Focus	Groups	
An iterative design project requires a quick and efficient validation method to maintain an 
efficient design cycle. Focus groups are a promising instrument to discuss various stages of 
designs or concepts with domain experts or specific target groups. As Rogers et al. (2011) point 
out, focus groups are particularly well suited to highlight areas of conflict and consensus with 
the designer stakeholders (Preece et al., 2011). Therefore, I conducted several focus groups that 
became a helpful method to gather feedback and ideas of an early stage concept. The 
participants of the focus groups were recruited by convenience sampling from surrounding 
research facilities. All focus groups shared a similar structure starting with a playtest or demo 
of an idea, followed by group discussion to improve the concept. The group discussions were 
always an open discussion with a given focus such as a particular feature or concept. Most 
group discussions were video or audio recorded for documentation. Some of the fruitful focus 
groups (such as the reported one in 6.1) have been transcripted and analysed with NVIVO. 
Other focus groups have been documented for future consultation in the form of participant’s 
notes and drawings. 
Design	Documentation	
I intended to document all design activities using a digital project repository containing a large 
variety of documents from the ideation sessions, concepts, discussions and technical 
communication. In regular intervals, the project documents of the repository have been 
reviewed and particular points summarized in a design diary. The reflection of the design 
documents was less useful for the research activity but an important source of the ideation and 
design practice. In hindsight, the ideation of the three prototypes was based on a complementary 
process of a contextual brainstorming called Car-Storming (see 6.1 and 8.3.1) and maintenance 
and reflection of the design repository. Besides that, this design repository contained the 
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technical documentation of the development process of the three prototypes including technical 
concepts, wiring diagrams and specification for the software development. 
3.4 Summary	
The autonomous driving experience as wicked design problem cannot be defined and modelled 
sufficiently to be answered as right or wrong. Instead, the research problem requires an 
exemplary framing through an articulation of possible solutions to transform autonomous 
driving into a preferred, pleasurable situation. In this chapter, I argued why I choose an RtD 
approach to achieve this goal. Furthermore, I discussed what kind of contributions can be 
expected from choosing an RtD approach. The design artefacts were established as the central 
contribution of this type of research, allowing to frame autonomous driving experiences through 
tangible articulation of its possibilities. Besides that, I discussed how the design process and 
the user studies contributed to intermediate-level of knowledge that help future designers 
understand the challenges of the autonomous driving context. Ultimately, I introduced my 
methodological stance for selecting and applying the research instruments. Adopting a 
pragmatic worldview, I chose the research methods that worked best for the particularities of 
the design context. In doing so, I introduced the central research instruments of the three final 
user studies, I described the context of the data gathering and analysis techniques. 
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	4	
Preliminary	Research	
This chapter presents preliminary research conducted to gain insight into the complexities of 
current car transportation. It presents the results of a contextual inquiry with car-based 
commuters. The material of this chapter is based on the following publication: 
Krome, Sven, Steffen P. Walz, and Stefan Greuter. "Contextual Inquiry of Future Commuting in 
Autonomous Cars." In Proceedings of the 2016 CHI Conference Extended Abstracts, pp. 3122-3128. 
ACM, 2016. 
4.1 Introduction	
Millions of people consider their car-based commuting a daily hassle. Autonomous car 
technology promises a relief from driving related stress and may change the commuting 
experience fundamentally. So far, research in this field has mainly been focused on commuting 
in manually driven cars or on usability and safety issues of specific driver automation 
technologies. To explore how to design activities and entertainment for future commuting in 
fully autonomous cars, I conducted a contextual inquiry inspired field study with three car-
based commuters in an improvised autonomous car. This chapter introduces the research setup 
and presents preliminary findings. It contributes to the exploration of the design space of 
autonomous driving in two ways: (1) it describes a pragmatic approach to adapt a contextual 
inquiry for the exploration of future use cases of autonomous driving and (2) it also articulates 
design implications and temporal frames derived from the first set of user studies that I regard 
as essential for designing context-sensitive entertainment in future cars. 
4.1.1 Commuting	as	a	Use	Case	for	Autonomous	Driving	
Although user experience (UX) research of autonomous driving has gained a lot of momentum 
(Meschtscherjakov et al., 2014), little research is available on how the everyday use of 
autonomous car technology will affect the user experience. Automated driving technology that 
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takes over the driving task for a defined part of the trip is already available but require the 
driver’s supervisory responsibility (The Tesla Motors Team, 2015). Experience research on 
related driving technology has shown that the new role of the driver may result in a feeling of 
reduced competency and autonomy (Eckoldt et al., 2012). Soon, even the responsibility of the 
driving task may be transferred to the car. This transformation from a driver to a passenger may 
enable other much more demanding activities, such as gaming or working, while being driven 
by the car. 
Daily commuting may be a promising use-case for automated driving. Studies on commuting 
show that car-based commuting is regarded as the most stressful commuting style (Koslowsky 
& Kluger, 1995). Relieving a commuter from the driving task has the potential to transform 
their daily commute into a less stressful experience with unique entertainment or productivity 
opportunities. In order to gain insight into the commuting experience of the future, I conducted 
a field study inspired by the contextual inquiry method (Holtzblatt & Beyer, 2014). The goal of 
inquiry was to identify contexts as design sensitivities of commuting in autonomous cars. In 
doing so, three Melbourne-based car commuters have been observed and interviewed during 
their regular commutes within an improvised autonomous car service. 
4.1.2 Related	Work	
Commuting has been studied from a variety of perspectives. For instance, early literature 
investigated commuting from a socio-economic (Koslowsky & Kluger, 1995) or psychological-
wellbeing perspective (Novaco & Gonzalez, 2009) concluding that in particular, car-based 
commuting can affect the commuter’s health (as well as the environment through, for instance, 
air pollution). Researchers have also shown interest in emotional experiences of drivers or 
passengers. Thereby, a large variety of methods from surveys to cultural probing approaches, 
such as logging systems and driver diaries, have been adapted (Kracheel, Mccall, Koenig, & 
Logging, 2013; Osswald, Sundström, & Tscheligi, 2013; Wilfinger, Meschtscherjakov, Murer, 
Osswald, & Tscheligi, 2011). 
In the context of driving automation, studies have been conducted to understand the emotional 
effects of losing operational control over the car emphasizing trust as a crucial UX factor 
(Kraus, Althoff, Heißing, Buss, & Heibing, 2009; Neville a. Stanton & Young, 2000). On a 
more general basis, researchers were interested in identifying the acceptance of first encounters 
of (semi-) autonomous technologies concluding that the popularity of such technologies are 
limited (Rödel, Stadler, Meschtscherjakov, & Tscheligi, 2014). 
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Recently, researchers have shown interest in studying the UX of autonomous driving in real 
world situations. To compensate for the lack of availability of fully autonomous cars, 
researchers have to depend on ‘Wizard-of-Oz’ methods, such as visually isolating the driver 
from a front-seat passenger (Baltodano et al., 2015). Contextual research dedicated to a defined 
use case, such as commuting in autonomous cars, has not been conducted so far. 
4.2 Methods	and	Procedure	
Crucial for conducting a contextual inquiry is a trustful relationship between the study 
participant in the use context and the investigating designer. However, in order to study a future 
situation, such as commuting in autonomous cars, I exposed the participants to a new contextual 
frame. Instead of creating a Wizard-of-Oz setup, the investigating designer took on the driving 
task to simulate an autonomously driven commute. In that way, three Melbourne-based car 
commuters were driven to their workplace and back home on a usual workday. I assume that 
the passenger experience resembles the future everyday routine of commuting in fully-
autonomous cars much more than a Wizard-of-Oz approach. However, the substitution of 
driving through a passenger experience affected the usual commuting setting with various 
limitations that are being discussed later. 
The commute was recorded with two cameras. Each camera was equipped with a wide angle 
lens as seen in Figure 3.  
 
Figure 3: In-car setup. 
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The arrangement of the video footage of the two cameras for the video analysis is depicted in 
Figure 4. 
 
Figure 4: Footage arrangement. 
The passengers were instructed to respond to questions by the researcher as well as narrate their 
thoughts and feelings during the commute. In accordance with the contextual inquiry method, 
the researcher’s role was to immerse them into the situation and lead the narration by asking 
questions regarding the relationship and structure of the commute. In addition, the participants 
were asked to make themselves comfortable in the car and to use all available devices such as 
the car’s entertainment system or their own mobile devices as desired. The participants (Table 
1) were recruited through word-of-mouth based on the following three criteria: (1) being a 
working professional with a regular day-time job, (2) requiring a car-based commute at least 
four times a week for more than a year, and (3) commute a distance of more than 20 minutes 
one way. 
Table 3: Overview of participants and year since commuting. 
# Occupation Age Sex Commuting since 
1 Marketing Manager 28 F 2012 
2 Architect 36 M 2011 
3 Media Technician 39 M 2004 
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4.3 Analysis	
Based on the research question to identify design sensitivities and an initial viewing of the video 
material, four context criteria for further investigation have been identified: (1) traffic situation, 
(2) road type and environment, (3) activities and behaviour, and (4) narrations and answers. 
The focus of the analysis was a subjective interpretation based on the investigators experience 
with the participants rather than a structured coding of video footage with the intention to 
predict and generate relevant design elements of a non-existent but simulated situation. The key 
moments of each commute were documented as a series of screenshots with an annotation table 
based on the criteria (1-4) to support the analysis. 
(1) Traffic Situation. The identification of the traffic situation was based on the camera 
directed on the road. To create an understanding of the traffic situation of each commute, I 
based this criterion on a simplified version of the Level-of-Service scale consisting of the four 
elements: (a) Free Flow Traffic: reaching maximum speed limit with no interruption by other 
traffic participants; (b) Stable flow: steady travel speed, but busy traffic; (c) Stop & go: very 
unstable traffic with many stops; (d) Standstill: standstill of the car for more than 30 seconds. 
(2) Road Type and Environment. For the environment category, I defined four types of roads 
depending on the commuter’s routes. (a) Suburban roads, i.e. roads and streets in primary 
residential areas. (b) Highways. (c) Major city roads, i.e. streets with at least two lanes serving 
as a link between city districts. (d) City roads with mixed residential and commercial buildings. 
Figure 3 shows a visual presentation of the participants’ traffic and environmental contexts.  
(3) Activities and Behaviour. This category contained all activities and behaviours by the 
commuter besides the narration and comments. Typical activities included the adjustment of 
the radio or the use of their mobile phones. Of interest, were shared behaviour patterns that 
appear to structure, or at least influence, the commuter’s activity in relation to the traffic flow.  
(4) Narration, Comments and Answers. This category includes the verbal expressions of the 
commuter based on interview questions, the situational narration, and related comments. As 
narrations, I subsumed personal anecdotes as well as expressions of the commuter’s feelings. 
Most comments related to comparisons of past traffic experiences with the current traffic 
situation. 
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4.4 Interpretation	and	Preliminary	Findings	
Based on the annotation of the video footage, the researcher’s own evaluation of the situation 
as well as the visualization of traffic and road types, I developed a tentative summary of design 
foci and contextual features that might inform the description of a design space of commuting 
in autonomous cars.  
4.4.1 Experiential	Contexts		
(A) Work-Home Commute Disparity. Several commuter studies have shown that the work 
and the home commute are two very different situations. Not only regarding the emotional 
states of the commuter, but also in respect to the commuter’s driving abilities and accident rates 
(Koslowsky & Kluger, 1995). Indeed, the observation and narration of the three commuters 
align with these results. The home commute shows the tendency that the commuter is actively 
looking for social relatedness. Only on the home commute all three commuters were using their 
mobile device as a communication tool and reported that the commute serves as a time to plan 
the evening. In contrast, the work commute had a rather quiet and monotonous quality. This 
tendency suggests that one potential design focus of the work commute could aim on 
stimulation, whereas on the home commute the focus should be on relatedness and 
communication activities. 
(B) Environmental Suspension. Besides the work- home commute disparity, the commutes 
share a similar internal structure. This internal structure seems to be connected to the road type 
and the environmental factors of the commuter. The footage shows that often a new 
environment results in a change or break of a behaviour or activity. For instance, entering the 
first unstable traffic flow on the home commute, the participant pulls out a mobile phone. It 
appears as if the desire to connect to friends or family on the home commute is literally triggered 
by the contextual situation of first traffic encounters. From this tendency, I concluded that the 
environmental context may serve as a structural element of an interaction system tailored for 
commuting in autonomous cars. 
(C) Speed-based Behaviour Patterns. The observations showed that the performance of the 
activity itself seems to be structured by the changes of the car’s speed. The mobile phone usage 
was particularly affected: as soon as the car stopped, the commuter started writing something 
until the car started again. The interpretation of the footage shows that almost every change in 
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speed resulted in a shift of, or change in activity. I concluded that the rhythm of an interaction, 
e.g. a game, may need to be aligned with the vehicle’s speed for an optimal experience.  
(D) Standstill as Game Changer. A total standstill of the car appears to be one of the most 
undesired events in any driving situation. As seen in Figure 5, some commutes have frequent 
standing periods. These standing periods are a key to behaviour changes. This emphasizes that 
one challenge for entertainment in autonomous driving could be to design the car’s standstill in 
a more pleasurable way. 
 
Figure 5: Summary of Analysis Foci. 
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4.4.2 Temporal	Design	Frames		
From the comments and narrations of the in-car interviews, I identified three temporal frames 
that may play a major role in designing applications for commuters in autonomous cars. 
1. Moment-based focus. This refers to the current commuting experience mediated by the 
rhythm of the traffic. Most of the comments and annotations regarding this temporal context 
were made describing the experience of the traffic, such as presented in the experiential 
contexts. I assume that applications targeting this scope would have to leverage the traffic and 
environmental context, especially (B), (C), and (D), to provide a unique car or commuting-
based user experience. For example, regarding the heavy stop-and-go traffic of case 1 with 
frequent but short stops, the design challenges could be described as how to reframe the stops 
as part of an interaction system?  
2. Journey-based focus. The daily journey to work presents itself as a dualism of work and 
home trips with very different preconditions. Interaction systems targeting commuters on this 
level may benefit from a consideration of this work-home disparity observed in (A). 
Subsequently the design challenge should focus on supporting the transformation process of 
the commuter.  
3. Routine-based focus. Commuting is often experienced as an everyday life issue that seems 
to be beyond the commuter’s control. Commuting does not seem to be experienced as a negative 
or positive activity. Interestingly, most comments resulted from a positive evaluation of a 
negative expectation such as “usually, they are bumper to bumper here” or related to a less 
interrupting traffic situation such as “this part is taking sometimes hours ... everyone who turns 
right will cause everybody else to stop” (case 1). A similar effect could be observed in the 
overall evaluation of the commuter’s trip. All three participants reported that the commuting 
trip was less congested or stressful than the usual ones. Based on this evaluation, I anticipate 
that an “increased awareness of the commuting activity might also increase the feeling of 
control over the commute that results in an increased well-being of the commuter”. Examples 
could be interactive or gameful commuting diaries and tracking applications. 
4.5 Limitation	and	Discussion	
Despite the early stage of the research and the limited number of participants, the findings 
suggest that a contextual inquiry approach in an improvised autonomous car enables an 
understanding of the design challenges of commuting experience in future autonomous cars. 
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The preliminary results accentuate that the design of such in-car activities will benefit from an 
alignment of contexts and design foci, regarding the traffic situation. However, the suggested 
context and temporal design foci are not specific to autonomous driving. They are also 
characteristic for traditional car commuting. I assume that these non-specific findings result 
from the major drawback of the chosen approach: substituting an autonomous driving 
experience with a passenger experience. As mentioned earlier, the first encounters of self-
driving cars will likely affect a feeling of lost control and a loss of competence for the driver. 
However, after this phase of adaptation, it is very likely that the autonomous driving experience 
will resemble a passenger experience similar to the here presented study. I believe that this 
approach will help interaction designers to envision routine scenarios of future autonomous 
driving. Another phenomenon is the dominance of the mobile phone usage of the participants. 
I explain this by a lack of entertainment alternatives. As a substitute of driving, I interpreted the 
use patterns of the mobile phone to indicate how the contextual rhythm of the driving may 
influence in-car interaction systems. 
4.6 Summary	
From these preliminary findings, it can be concluded that future use cases, such as autonomous 
car commuting, could and should be explored with contextual inquiry methods. While the 
findings are highly interpretative and require further validation with a bigger sample size, they 
already enable us, as designers, to construct a more realistic reading of the context and of the 
design challenges of autonomous car-based commuting. The results show that autonomous 
driving and its real-world use cases require a focus on the situation specific contexts to enable 
a pleasurable driving and entertainment experience. 
Assuming that future everyday use-cases of autonomous driving such as commuting will 
closely resemble a current passenger experience, the presented approach of studying future 
commuting experiences seems to be very promising. Instead of adapting a Wizard-of-Oz 
approach, I believe that a more long-term evaluation of passenger-based commuting will 
provide more relevant and detailed input. To do so and eliminate the newness of the situation 
effect, I plan to test each participant over several days and provide him or her with an enjoyable 
activity suitable for an autonomous driving situation. 
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	5			
Case	1:	AutoGym	
 
Figure 6: AutoGym. The in-car implementation in action. 
This chapter introduces AutoGym. It reports on a simulator-based user study with 28 
participants investigating the impact of AutoGym, on the user experience and their perception 
of traffic.  The material of this chapter was subject of a forthcoming publication:  
Krome, Sven, et al. "AutoGym: An Exertion Game for Autonomous Driving." Forthcoming in 2017. 
Autonomous driving systems promise a relief from undesired driving situations allowing the 
driver to engage in new non-driving activities. In-car exercises are a promising way to keep the 
inactive driver in good shape and be situationally aware. In order to explore how to implement 
exercises into the autonomous driving context, I designed AutoGym, an in-car fitness program 
that translates frustrating traffic into a fun exertion game. To progress in the game, the players 
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have to anticipate traffic and work-out against their own prediction. In this chapter, I present 
the conceptual design of AutoGym and report on the learnings of an explorative user study with 
28 participants. Furthermore, from design process and evaluation, I conclude three strategies 
for implementing exertion games into the autonomous driving context. I found that these 
strategies helped to conceptualize exertion games as a physical play combined with the 
dynamics of driving. This positively influenced the experience, control, orientation and 
situational awareness. Ultimately, with this work, I strive to establish a design space for non-
driving activities that presents itself as an embodiment of autonomous driving.  
5.1 Introduction	
Driving a car is arguably not the healthiest form of transportation. The suboptimal sitting 
posture, together with a very restricted space for movement, often results in physical fatigue 
and an uncomfortable transportation experience. Especially professional drivers and long-
distance commuters, spending several hours in vehicles, are at risk of suffering physically and 
mentally (Taylor & Dorn, 2006). With the relief from the driving task by autonomous driving 
technology, the inactive driver is able to perform a much wider range of interactions and 
movements. In order to explore the possibilities of in-car exercise games, I designed AutoGym, 
an in-car exertion game that motivates exercise through an integration of the driving context as 
a game element. Physical exercise as a health, wellness and stress management method is 
widely accepted (Davis, Eshelman, & McKay, 2008). Exertion games are one gameful strategy 
to motivate physical exercise (FF Mueller & Agamanolis, 2009). The general concept of 
exertion games is to package physical exercise into a gameful experience and thereby facilitate 
and motivate exercise in a more pleasurable and fun way.  
Even though autonomous driving is expected to allow the inactive driver a bigger range of 
movements, the spatial dimensions of a standard passenger car will naturally restrain the 
player’s movements and their body position. But even in this restricted space, a large variety of 
physical exercises are possible.  For example, several self-help books provide a repertoire of 
instructions for in-car exercise and promise to increase wellbeing during transportation (Addey, 
2016; Rasch & Krusemark, 2006; Yarnell, 2009). However, a gameful, fun and motivating 
approach to in-car exercise, which seamlessly integrates exertion within the car context, has not 
been available. To explore a new way of motivating in-car exertion I studied a proof-of-concept 
implementation of AutoGym with 28 participants in a lab-based simulator.   
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5.2 Related	Work	
The car as a space for activities and entertainment beyond the driving task is almost as old as 
the automobile itself. However, for a long time, music and other forms of auditory content were 
the only feasible entertainment alternatives for the active driver. For passengers, however, 
researchers have explored a wide range of entertainment opportunities, from immersive media 
consumption to a large variety of games and even physical interactions. 
5.2.1 Car	Passenger	Games		
Substantial research on interactive passenger entertainment has been conducted by Oscar Juhlin 
(Juhlin, 2010). Investigating the road as a medium for social encounters, Juhlin suggested 
several in-car prototypes to establish a social connection between the player/user, co-
passengers, road users and the transportation environment. For instance, the Backseat Gaming 
Project investigated how an interactive story can unfold through defined points-of-interest 
along the travel route. Similar to most research on passenger games, the target was to entertain 
children from being bored. However, besides simply entertaining the kids in the rear of the car, 
the researchers have also suggested games for various other purposes. 
Sundström at al. suggested three games that aim to encourage children to sit safely in the car . 
(Sundström et al., 2014). In doing so the authors used driving features, such as g-force and the 
alternation of light/shadow, and implemented them as core-experiences into their games. All of 
the three games aim to have the kids sit in a safe position as a side effect of the game play. For 
example, in the game emo-car the player has to mimic the “feeling” of the car with facial 
expressions. Since the facial expressions of the player are only properly registered if the player 
sits in an upright position in front of the camera, the player only performs well when sitting 
safely. In other words, to progress in the game, the kid has to perform the desired behaviour i.e. 
sit upright.   
Wilfinger et al. conceptualized RiddleRide an educational in-car multiplayer quiz game aimed 
to connect adults and children with points-of-interest while on a car trip (Wilfinger et al., 2011). 
Each player plays the game on their individual mobile device. In order to make the quiz suitable 
for all age groups, the answer modality provided adapted difficulty levels sutited for adults and 
children. Similarly, Broy et al. suggested nICE an in-car multiplayer game that facilitates 
collaborative and communicative experiences among passengers and the driver based on an 
image puzzle that needs to be uncovered by playing several mini-games (Broy et al., 2011). 
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Similarly, Zuckerman et al. developed Mileys a digital in-car game with the purpose to connect 
children with their families and their environment (Zuckerman, Hoffman, & Gal-Oz, 2015).  
Research on in-car games indicate the user contextual data such as location, e.g. (Broy et al., 
2011; Zuckerman et al., 2015), or the dynamics of driving, e.g. (Sundström et al., 2014), as a 
promising approach for an engaging gameplay while driving. Even though all of the above 
mentioned games are targeting mainly at kids, I believe that an appropriate implementation of 
the driving context would also motivate adult drivers to engage in games and even in exercises. 
5.2.2 Interactive	driver	entertainment	and	gamification	
Although researchers have suggested an integration of the driver and interactive in-car 
entertainment, e.g. (Broy et al., 2011), driver-focussed approaches have been very limited due 
to safety considerations. Solitary driver applications have to be secondary activities that are 
augmenting the driving tasks such as safe-driving and/or eco-driving gamification approaches 
(Diewald et al., 2013). In contrast to passenger entertainment most of these approaches have 
been focussing on the design of visual feedback such as points, leaderboards and virtual rewards 
based on a target activity such as fuel efficient driving.  
With autonomous driving, the driving task becomes a secondary activity and the target of 
gamification needs to be adapted accordingly. Depending on the level of automation, 
gamification of supervisory tasks and situational awareness become a central focus but also 
wellbeing and dynamic sitting will likely be gamification challenges of the future.  For example, 
Terken et al. suggested an interactive in-car environment for stress reduction in commuting 
scenarios (Terken et al., 2013). The system projects immersive virtual environments into the 
interior of the car that can be explored by a tangible interface. This system is intended for 
higher-level driving automation that does not require an ongoing supervisory control. This 
enables the system to be independent from the driving situation and does not require situational-
awareness of the driver. 
5.2.3 In-car	exertion	tools	and	occupational	health	
Besides the aforementioned self-help books for in-car exercises that mostly focus on stretching 
and strengthening exercises (Addey, 2016; Rasch & Krusemark, 2006; Yarnell, 2009), a large 
variety of mobile foot-rockers and mini-exercise bikes are available for travel and office use. 
These devices aim to prevent health risks or fatigue related issues by enabling a steady 
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movement while sitting. Figure 7 shows an example of a commercially available stepper that 
connects an exercise machine with video games consoles. 
 
Figure 7: Gamercize Power Stepper (c) Richard Coshott, BY-SA 2.0  
Similarly, some airlines suggest that passengers on long distance flights engage in on-board 
exercise programs and the car tuner Becker Automotive Design (Seabaugh, 2012) offers to build 
a full body exercise machine into a Cadillac Escalade to enable exercise on-the-go. Research 
has confirmed that exercise has a very beneficial impact on the wellbeing of office workers 
(Proper et al., 2003). Despite the benefits of exercises and the advancements of autonomous 
driving, neither motivational aspects of in-car exercises nor the importance of maintaining a 
situational awareness while driving autonomously have been investigated by research or 
industry. In approaching this research context, I aim to explore how a gameful interaction 
system can motivate in-car exercises by using the driving context as a playable input in the 
system. 
5.3 Prototype	concept	
AutoGym is an exertion game for future driving experiences in autonomous cars.  I defined the 
driving scenario as rush-hour traffic based on a commuter pilot study in Melbourne city traffic 
(Krome, Walz, & Greuter, 2016). The driving task has been taken over by the car; the inactive 
driver can engage in other non-driving activities but should maintain awareness of the traffic 
situation.    
5	Case	1:	AutoGym	 	 Prototype	concept	
 
60 
 
The AutoGym prototype consists of a mini-exercise bike positioned on the driver’s lap and is 
manually operated by spinning the exercise bike by hand. The resistance of the mini-exercise 
bike is connected to the car’s speed: the faster the car drives, the higher the resistance. When 
the car has stopped completely, the resistance is at the minimum, allowing the player to turn 
the wheel without particular effort. The resistance increases to the maximum at a speed of 60 
km/h. Maximum resistance makes spinning the wheel almost impossible.  A touchscreen 
device, in this case a tablet pc, displays the game interface and the interactions. Figure 8 shows 
the implementation of AutoGym on the passenger side of a test vehicle.  
 
Figure 8: In-car setup of AutoGym with manually operated exercise bike. The resistance of the bike is connected to the 
car's speed. The game component runs on the touch screen mounted on the dashboard. 
5.3.1 Game	and	Interface	Design	
The objective of AutoGym is to complete a whole exercise program (represented as the ring 
seen in Figure 9) by selecting a segment and completing it though workout on the exercise bike. 
The length of a segment represents the amount of time in which the player has to finish the 
segment by work-out. The longer the segment, the more often the player has to turn the wheel 
to complete it.  
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Figure 9: AutoGym Graphical User Interface. 
In other words, each segment represents a specific amount of wheel turns that has to be 
performed on the exercise bike. As soon as a segment is selected, a countdown is initiated 
visualized by an increasing status bar on the inside of the segment. Each turn on the exercise 
bike is rewarded with audio feedback and a visualization of the progression. Figure 10 
illustrates the game loop. 
 
Figure 10: AutoGym Interaction Loop. 
The decisions required from the player to successfully complete the game consist of three 
complementary steps: (1) The anticipation and prediction of the traffic situation, (2) The 
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translation of the prediction into a time segment and (3) the completion of the time segment by 
turning the exercise bike often and fast enough before the countdown of the time segment 
expires.  
The application finishes as soon as the player has successfully completed all segments of the 
ring. Upon completion, the player is presented with performance statistics showing the overall 
turns, the time and the failed attempts. 
5.3.2 Technical	Implementation		
For the AutoGym prototype I modified an off-the-shelf mini-exercise bike with adjustable 
resistance. I exchanged the manual adjustment system with a high-torque electrical motor that 
was controlled by an Arduino microcontroller with h-bridge shield to enable the motor to turn 
in both directions.  
 
Figure 11: AutoGym Technical Setup. 
Two additional sensors have been attached to the exercise wheel: a magnetic sensor to register 
the turns and a slider sensor to measure and adjust the resistance by the motor. Figure 11 shows 
the technical implementation of AutoGym exertion interface consisting of the mini-exercise 
bike, the sensors, a high torque electrical motor and an Arduino with H-Bridge Shield to change 
the motor’s rotation direction. This hardware was connected to the output device via a serial 
port. The game interface was developed with Unity 3d running on a laptop (simulator) and a 
tablet pc (car). 
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5.4 Evaluation	
To investigate the impact of AutoGym, I conducted a lab-based simulator study with 28 
participants. The research focus was (1) on the impact of AutoGym players’ feelings and 
satisfaction, (2) the motivation of traffic-based contextual exercises and (3) the perception of 
the car and traffic situation. In doing so, I adapted a mixed qualitative and quantitative study 
design with the goal to explore the user experiences and compare them with the results from 
the standardized questionnaires.  
5.4.1 Study	Procedure	
After giving their formal consent, the participants were briefed on the purpose and scenario of 
the study: A regular rush-hour commute in a fully autonomous car. The study consisted of four 
components as shown in Figure 12. 
 
Figure 12: AutoGym Study Procedure. Before and after the playtest, the participants completed a questionnaire and a 
semi-structured interview at the end. 
The pre- and post-questionnaire consisted of five scales from Sheldon’s self-determination 
questionnaire (Sheldon, Elliot, Kim, & Kasser, 2001): autonomy-scale, competency-scale, 
stimulation-scale (two items from physical thriving and one item from the pleasure-scale), 
security-scale, and self-esteem scale. The test procedure was concluded by a semi-structured 
interview of 10-30 minutes. The interview was guided by 10 topics regarding the user 
experience, the difficulties, the experience of traffic and the game as well as a final ranking task 
on the most prominent feelings.  
5.4.2 Simulator	Setup	
I tested AutoGym in an improved simulator setup based on a traffic clip recorded on an evening 
commute during rush-hour traffic in Melbourne. The video footage of the commute was played 
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on a 46” TV screen. When the video was recorded, I also recorded the car speed based on an 
OBD-II application. The simulator was playing the video in sync with the speed data that was 
controlling the exercise bikes resistance. Figure 13 shows the simulator setup. 
 
Figure 13: AutoGym Simulator Setup. 
5.4.3 Participants	
For the user study, 28 volunteers were recruited via word-of-mouth and social media channels. 
Participation was completely voluntary and not rewarded. Table 4 shows an overview of the 
participants grouped by occupation. 
Table 4: Overview of participants grouped by occupation. 
Occupation   Sex (f/m) Avg. age 
Post graduate students 5 / 6 26.00 
Researchers / academic staff 4 / 5 33.33 
Creative industry 0 / 4 29.50 
Technician / IT 1 / 2 33.00 
Maternity leave 1 / 0 30.00 
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5.5 Findings	
5.5.1 Pre	/	Post	Questionnaires	 	
The data of the pre- and post-questionnaires was imported into SPSS for analysis. Figure 14 
shows the results of each item of the pre-and post-questionnaires. 
 
Figure 14: Questionnaire results. Means of each item of the five scales with p-Value for each pair of items below. Pre 
(blue) and post (orange) questionnaire. 
In order to analyse the data, I performed a paired t-test for each pair of pre-and post-
questionnaire items. The comparison of pre-and post-values show that the items from the 
autonomy and self-esteem scale do not have any significant differences, even though a slight 
tendency can be recognized. As expected, the most significant difference can be found on the 
stimulation scale (p<.001 for all three items). After playing AutoGym, the users valued the 
AutoGym experience as significantly more stimulating then the experience during their usual 
commute. This is an obvious finding because of the nature of the exertion task in AutoGym. 
Similarly, the first two items of the competency scale show a significant difference (p<.001) 
much more than the third item. These items inquired about the “successful completion of a 
difficult task” and “mastering a hard challenge”. From these results, I imply that AutoGym was 
experienced as a gameful and challenging activity that leads to a significant feeling of 
competence and mastery, at least in comparison to the participants’ last commute. Interestingly, 
the two first security items show a very significant decrease between pre- and post- 
questionnaire. Of particular interest is the first security item because it inquires if the user felt 
“structured and predictable” while using AutoGym. In comparison to a usual commute, 
participants valued the AutoGym experience as less predictable and structured. This can be an 
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indication for a novelty effect. However, it can also be interpreted that the exposure to traffic 
i.e. making the traffic the topic of the game had an impact on the players’ perception of the 
situation. Besides the SDT scales, the pre-test questionnaire also contained several questions 
about the participants’ demographic as well as their driving history, such as car ownership. It 
also contained two open questions that asked about previous commuting experiences. For 
example, one of the questions was “Describe your last commuting trip in one word”. As 
expected, the last commute was described as a negative experience, most common descriptives 
being stress, boredom, or frustration. On one hand, I can conclude from the questionnaires that 
the participants have a negative evaluation of their last commute. On the other hand, the results 
from the SDT items were mostly as expected, except for the decreasing security items that 
requires further investigations.  
5.5.2 Semi-Structured	Interviews	
The interviews were between 10 to 30 minutes long and pre-structured by ten topics. All 
interviews were audio recorded and conducted immediately after the post-test questionnaire. 
The recordings were transcribed and analysed with NVivo software using a thematic analysis 
approach (Braun & Clarke, 2006). After an initial open coding session in which the participants’ 
transcripts were coded based on the contextual meaning, I compared the identified nodes and 
clustered them into 13 categories with several sub-categories. In the following I report on the 
six categories that, I assume, are particularly descriptive for designing exertion games in the 
context of autonomous driving. 
A.	General	evaluation	and	difficulties	
All 28 participants were able to finish the AutoGym game: five participants completed without 
failure, 17 participants repeated one segment, five participants two and only one participant 
repeated three segments before completing the game. In the interviews, most participants 
described the AutoGym as easy and not very physically challenging. All participants reported 
they would like to play it again, particularly in different traffic conditions.  
The general attitude was very positive, participants attributed the AutoGym experience as fun, 
interesting and satisfying. However, the participants were unsure about the nature of AutoGym 
experience, undecided if they should consider AutoGym a game, an exercise tool or a substitute 
for driving. For example, one participant proposes: 
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Games like this would definitely be a substitute for driving. It translates the driving to 
another high-level task (male, 26). 
The interpretation was also influenced by the build-up of expectation: 
I was expecting more an arcade game. Right now it's more an exercise. I could see that 
after a few times the novelty wears off (female, 31).  
Contrary to this, the idea of embedding exertion into games was questioned because it 
unfocussed the exercise part.  
If that'd be an autonomous car, it’s a good way to kill down time. However, I don't know 
what the purpose of gamifying the exercise. If it’s for the exercise, I’d work out 
effectively (male, 28). 
Interestingly, this differentiation of what AutoGym is, was expressed in most of the participants’ 
answers. The perception was changing depending on topic or question. I believe that this 
interpretive openness resulted from linear mapping of the speed and the bike’s resistance, which 
would allow participants’ to evaluate the game depending on their effort and physical strength.  
B.	Perceived	Control:	self,	car,	traffic	
One implicit design assumption of AutoGym was that the physical connection between player 
and driving (facilitated by the exertion challenge) would increase the player’s feeling of control 
over the situation. Participants reported that AutoGym would establish a feeling of control, 
however, the locus and impact differed depending on the interpretation. For example, one 
interpretation was that it is a physical challenge. By winning, despite of the resistance, the 
player imposes control over the situation:  
I felt good but I felt that I didn't predict the traffic very well. My instinct was saying let’s 
do this despite of the traffic. It was also that I was able to do it because it was quite 
easy. […] So like a trick to exert more control over the situation (male, 32). 
In accordance to our assumption, many participants reported that they gained control and 
orientation because it allowed them to feel the car behaviour:  
5	Case	1:	AutoGym	 	 Findings	
 
68 
 
When the resistance was going harder I felt good because I was going again. Especially 
during [the] workout I was primarily looking at the application and the resistance 
signalled me to look up again (female, 21). 
Most interestingly, not only the physical experience of driving facilitated that feeling but also 
the prediction challenge i.e. the anticipation of traffic, seems to increase sovereignty by 
allowing the player to act on it.  
If you are stuck in traffic you feel out of control but the game influenced that perception. 
With it [AutoGym] you can train yourself to read the traffic and by reading and 
understanding traffic, it is less scary (female, 34). 
C.	Sources	of	Pleasure:	self-efficacy,	relatedness	to	the	car,	mastery	of	traffic	
I designed AutoGym to enable a faster progression in the exercise program, the slower the car 
drives. The most rewarding moment should be when the car comes to a halt with almost zero 
resistance on the spinning bike. Since the participants had different physical strength, they 
interpreted the reward structure differently. For example, some players felt more rewarded if 
they were able to complete a section despite of higher resistance:  
I understood the idea that you are rewarded by good predictions with less resistance 
but I'm quite the opposite. You could reward me with more resistance. For me it's empty 
energy going away. […] In the end it was me who chose the prediction, so I have to 
fight my own prediction and seeing that the prediction was right or not was quite 
satisfying (male, 26). 
On the other hand, the physical experience of driving was not only reported as orientation, but 
also as a pleasurable experience in itself: 
I felt the resistance changes were very comfortable to experience. I'd like to play this 
with closed eyes and guess based on the resistance how fast the car is driving. It could 
even be more fun (female, 34). 
Mastery was not only related to physical exertion, predicting the traffic was reported as a skill 
that could be trained and improved:  
I felt very good. Like winning. A feeling of mastery. I was able to predict the stops quite 
good. My predictions were improving over time (female, 23). 
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D.	Experiencing	the	car:	competition,	collaborator,	companion	
Even though the playtests took place in a lab-based simulator, the participants reported that they 
could imagine how they would perceive the car during playing AutoGym. On one hand, the car 
was interpreted as the one to compete with: I was busy beating the car (male, 26). On the other 
hand, the interpretation was based on an exchange or sharing of work with the car, by taking 
over the work from the car. I interpreted this as a collaboration.   
It's interesting to feel what the car feels. If the car works, you can rest and enjoy. […] 
You get communicated how the car feels and translate it in an activity […] when it stops, 
you take over the physical movement (male, 25). 
However, the alignment of car speed and resistance was also reported as counter intuitive, 
especially when the players associated themselves with the car: 
My mind assumes that when the car rests, I would be resting. I want to be more aligned 
with the car. It was a big effort to start being busy and physical when my car rests. I felt 
a little disconnected to the car (female, 46). 
E.	Traffic	Perception:	Context,	Opponent,	Playground	
As expected, time and traffic was experienced as much faster while playing AutoGym. All 
participants reported that they did not experience a feeling of waiting:   
Usually I feel bored but with this game I wanted the traffic to stop so I can work out 
(female, 22) 
However, for the players able to turn the exercise bike even in higher speeds, the traffic situation 
transformed into a physical challenge for work out. 
I was experiencing the traffic through the changes in resistance and the more resistance 
the faster the car and the more I was challenged (male, 25) 
Whereas a few participants reported that the traffic was impossible to predict, others reported 
that the prediction task connected them with the traffic. Traffic becomes a playground for 
informed decisions.  
Yeah. I'm someone who likes to play with the traffic anyway. You will start to learn 
patterns. If I take a gamble and lose I'll be 2 minutes later so I take the risk (male, 31). 
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F.	Motivation	of	Exertion:	abreaction,	sympathy,	progression	
One central topic of the interview was the motivation to perform exercises while in traffic. The 
participants answered this question from several perspectives. Most prominently, participants 
reported how they would use AutoGym for integrating sport into their daily life. In particular, 
exercise seems to be a good activity to deal with frustrating traffic situations.  
When I stuck in the traffic it makes sense to deal with frustration. It's a good abreaction. 
I'd play that in difficult traffic (male, 28). 
Moreover, the stimuli of the traffic situation had a natural effect to start interacting. As manual 
drivers, we are already conditioned to acting when in traffic. It seems a natural interaction that 
you start getting active when you see a change in traffic; in the sense of piggy-backing exertion 
onto traffic: 
 The traffic light, the cars in front of us. Especially the break light in front of me. If they 
turned on 20m in front, our impulse is to break and then you felt the decrease of 
resistance (male, 23). 
Lastly, a participant reported that sympathizing with the car can also result in exertion as a way 
of facilitating the driving task: 
Somehow you can contribute [to driving]. I can show sympathy with the car. The car 
works hard; I work hard too (male, 28). 
5.6 Designing	In-Car	Exertion-Games	
The results clearly demonstrated the connection, i.e. the prediction and resistance mechanic, 
between AutoGym and the driving context had an effect on both the experience of the exertion 
task, as well as the driving situation. The exertion task, mediated by the experience of the car 
speed, had an impact on the perception of the car and the driving context. It appears as if the 
physical investment of exertion was facilitating the player’s concept of who is in control of the 
situation, who sets the challenge and the motivation to continue. Table 5 summarizes the 
findings of the interviews by aligning them into three possible configurations. These three 
suggested configurations are an attempt to understand implementations of in-car exertion, based 
on the connection of the three core aspects of the experience: perception of traffic, perceived 
locus of control, motivation for exertion. The interviews indicated that the participants 
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interpreted the AutoJam experience based on their physical ability to control the game by 
exercising even when the car drove relatively fast. This motivation to exercise had a particularly 
strong effect on the interpretation of the perceived loci of control. Hence, each of the following 
implementation strategies can be seen as a lens (of a possible configuration) for designing 
traffic-based exertion games that are based on prediction and resistance mechanics. 
Table 5: Three Implementation Strategies with selected criteria from the findings. 
Implementation 
of Exertion 
Role of car 
as 
Traffic 
perception 
Exertion 
motivation 
Perceived 
control 
Sources of 
Pleasure 
(1) Driving 
substitute 
Competitor Context Fitness and 
abreaction  
self / overcome 
the car 
Self-efficacy / 
mastery 
(2) Identification Companion Opponent Sympathy 
with car 
aligned with the 
car 
Relatedness / 
feeling for car 
(3) Contribution Collaborator Playground Progression over traffic Mastery / 
understanding 
traffic 
5.6.1 Implementation	Strategy	1:	Exertion	as	a	Driving	Substitute	
AutoGym substitutes the driving task by providing a new challenge for mastering the traffic: 
physical exertion. From a design perspective, exertion as a substitute was implemented by a 
linear and continuous mapping of car speed and resistance. This allows the players, depending 
on their physical strength, to dominate the car’s driving behaviour. Hence, the challenge was to 
beat the car. The car was perceived as a competitor that must be overcome to win the game. In 
other words, the rewarding moment was to impose their own power on top of the car’s power. 
The higher the speed, the more challenging the game. In contrast to the original concept, the 
stop phases became time for recovery. 
The traffic situation was relevant mostly as the source of the driving behaviour but not as the 
focus of the activity. By overcoming the car as a competitor, the player experienced control as 
self-efficacy. The player was in control of the driving task by mastering the power and speed 
of the car through physical exercise. This implies that sportive and fitness motives were of 
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similar importance to the pleasure of exertion in an unusual context, facilitated by a play with 
physical power.  
The focus of implementing exertion as a driving substitute might be on making the car and 
driving dynamics a physical experience. The game component, such as the prediction 
mechanics of AutoGym, should be designed to support the experience of imposing their own 
power. Ultimately, this implementation leads to an in-car exercise program and would not 
necessarily be embedded in a game context. The traffic was a challenging moment of harder 
and easier intervals, similar to popular interval workouts. In future autonomous cars, it might 
be possible to represent the player’s performance data through the driving style of the car which 
open new perspectives of external motivations.  
5.6.2 Implementation	Strategy	2:	Exertion	through	Car	Identification	
This strategy was also based on a physical experience of the car’s power. However, exertion 
was less strongly motivated by competition but by sympathy and progress. The car was 
perceived as a companion with whom the player shares the workload, in order to progress in 
traffic. Exertion was not the core-experience of the interaction system. Exertion was rather a 
medium to build a physical connection to the car i.e. an interface to make the traffic progression 
tangible. The core experience was a consistent progression through an exercise program and 
traffic.  
Traffic was not motivation for exercising (1) nor for the gameplay (3). The general assumption 
was that neither traffic nor physical exercises are fun. However, it was pleasurable to feel the 
progression through the power and the dynamics of the driving. Furthermore, the players gained 
orientation and control by feeling what the car was doing. The player was in a physically 
mediated dialogue with the car’s driving dynamics having only one goal: progression, mediated 
by an understanding of the situation through the exertion tasks.  
Interaction needs to be aligned with the dynamics of driving. An indirect implementation of 
speed could enforce that. Subsequently, this concept could also be implemented by an inverted 
mapping of speed and resistance as one participant suggested: When the car works, I want to 
work as well.  
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5.6.3 Implementation	Strategy	3:	Exertion	for	Driving	Contribution	
In contrast to the two former strategies, this configuration relied on the prediction mechanic as 
the core experience of the game. Exercise and the feeling for the car (the core-experiences of 
the other two implementations) were only an additional motivational affordance of a correct 
prediction. Avoiding or minimizing exertion by a precise prediction of traffic was the goal and 
challenge of the setup.  
In this implementation, traffic was the playground and object of investigation i.e. it needed to 
be understood in order to progress in the game. The gameplay resembled a dialogue between 
the car and the inactive driver, which led to an interpretation of the car as a collaborator for 
progressing in the game (and the traffic respectively). Similar to (2) workload was shared 
between car and player. In other words, the player contributed to the driving activity by reading 
and communicating the traffic situation correctly.  
This changes the location of perceived control. Control was established through understanding 
the traffic and the driving situation. A correct prediction instilled a feeling of success and 
control over the traffic. It reframed traffic as something that can be understood and overcome. 
In that way, traffic lost its thread as an uncontrollable, disastrous event and turned into a 
playable environment. 
This interpretation facilitated the exchange between the work of the car and the exertion 
activity. When the car stopped, the workload was transferred to the player. In particular, the 
exercise bike was associated with the concept of charging the car, such as a metaphor for an 
electrical car. This could potentially add another layer of motivation for exertion. In any case, 
since this implementation relied on precise decisions, it would require a strict enforcement of 
the game rules. Wrong predictions should have severe consequences for the exercise routine. A 
linear connection between speed and resistance would not be required because the core 
experience was reading the traffic situation.  
5.7 Limitation	
The presented implementation strategies attempt to describe three possible configurations of 
aligning exertion games with the autonomous driving context. I propose them as implications 
resulting mainly from the interviews, as well as from experiences and reflections of the design 
process. The 28 semi-structured interviews provided a very large repository of user experience, 
aspects of which, only a subset directly informed the three presented implications. In contrast 
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to the interviews, the questionnaires provided only very few unexpected insights and the rather 
small number of cases do not allow a generalization. Designing the user study, I assumed that 
the questionnaires could backup the findings from the explorative part of the study, which was 
not the case. 
Furthermore, to have a bigger sample, I decided to test AutoGym in a lab-based simulator setup. 
I must assume that this setup had a major influence on the players’ perception of the car and of 
course, the experience of safety and a feeling of control. On the other hand, this setup allowed 
the participant to focus completely on the game without the distraction of a real driving 
situation. Because of these reasons, I believe that the implications have to be framed as an 
idealized concept of exertion implementation strategies. 
The AutoGym prototype has a limited scope of resistance. Over the length of the study, the 
strength of the resistance wore out which required us to readjust the resistance a couple of times. 
Participants who followed right after the adjustment, had slightly more base-resistance then 
others. This might have influenced their experience. However, since everyone successfully 
completed the game, I believe that this effect could be marginalized.  
Ultimately, the participants differed in their individual physical strength. Since I could not align 
the resistance with the personal strength, the physical effort required from the participant was 
not equal. I believe that these differences facilitated the individual interpretations which 
resulted in very rich variety of experiential aspects.  
5.8 Summary	
This chapter presented AutoGym. The first in-car exertion game that integrates stop-and-go 
traffic as a playable input and as such, forces the player to maintain situational awareness during 
autonomous driving. I reported the results from a lab-based simulator study with AutoGym that 
offer insight on the player experience and the impact on the motivation to engage in 
contextualized exertion.  
As a research artefact, AutoGym serves as a medium for reflection and discussion of in-car 
exertions. I articulated three implementations that are based on generic configurations of the 
identified experience factors. The broader context of this work is the exploration of non-driving 
activities for autonomous driving that aims to compensate for this loss of operational control 
through a meaningful in-car integration.    
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AutoGym enabled a direct translation of driving dynamics into an interactive exertion 
experience. This made it suitable for exploring the fertile experiential tensions of the 
autonomous driving context. The suggested implementation strategies provide a blue print for 
future explorations of in-car exertion games. Ultimately, AutoGym shows that even frustrating 
stop-and-go traffic can be a fun and healthy experience. In that way, I hope to inspire designers 
to continue exploring exertion as a healthy way to make up for the experiential caveats of 
autonomous driving. 
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	6			
Case	2:	AutoJam	
 
Figure 15: AutoJam Prototype in the Car 
This chapter presents Case 2: AutoJam. It introduces the AutoJam prototype and presents the 
results of a design evolution based on an in-situ user study. The material of this chapter was 
subject of a forthcoming publication: 
Krome, Sven, et al. "AutoJam: Exploring Interactive Music Experiences in Stop-and-Go Traffic." 
Forthcoming in 2017. 
AutoJam is an interactive music listening experience played on an inactive steering wheel of an 
autonomous car. Besides being a fun and creative activity for frustrating stop-and-go traffic, 
AutoJam helps to understand the building blocks of in-car performances. By designing 
AutoJam, the aim was to make in-car music interactive and align music creation with the 
progression of the traffic situation. When the car stops, the player becomes the drummer with 
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the goal to master the songs basic rhythms. When the car moves, the player becomes an 
instrumentalist encouraged to improvise in collaboration with the cars speed. In order to explore 
the impact of AutoJam, I conducted an in-situ user study with 14 participants. From the findings, 
I constructed a map of experiential dimensions of AutoJam and found that player’s experience, 
constitute itself through a continuous shifting between those dimensions. Reflecting on this 
process, I discuss four building blocks of in-car performances. Ultimately, this work aims to 
frame autonomous driving in difficult traffic as a creative and playful activity promoting 
situational awareness and musical expression.    
6.1 Introduction	
Music and sound has always played a central role as in-car entertainment. On-board sound 
systems can be perfectly tailored for the car’s fixed seating arrangement and the spatial 
dimension to deliver a powerful and high-quality music listening experience. Moreover, the 
rhythms and movements of music and the movements and dynamics of driving a car can 
transform the driving situation into a unique emotional and self-expressive experience. In-car 
music not only emotionally enriches the driving experience, it also transforms the journey into 
a soundscape that matches the driver’s mood and emotional constitution. As Bull noted, music 
transforms the car into a sonic envelope and the journey into an emotional bridge: 
Drivers often describe the discomfort of spending time in their cars with only the sound 
of the engine to accompany them. Driving without the mediation of music […] 
qualitatively changes the experience of driving. – Bull, 2004.      
As long as driving a car required full operational control, listening to music was one of the few 
safe and accepted driver entertainment alternatives. With advancements in automated driving, 
new interactive forms of entertainment can be possible. However, as long as the autonomous 
driving system relies on a human driver as a supervisory control, the inactive driver should 
maintain situational awareness of the driving situation. As research shows, the reduction of 
active driving control to an inactive monitoring requirement, can also be experienced as a lack 
of autonomy and reduced competency (Eckoldt et al., 2012).  
To explore how interactive in-car music can create a pleasurable autonomous driving situation, 
I designed and tested AutoJam, an interactive in-car music game played on a touch-sensitive 
steering wheel. It combines rhythm gaming, creative improvisation and music listening and 
aligns those within the driving context of stop-and-go traffic. The design goal of AutoJam was 
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the exploration of an interactive music experience that helps to reframe frustrating stop-and-go 
traffic into a context for fun and creative play. Furthermore, AutoJam should motivate the driver 
to keep situational awareness of the driving situation while the car is moving.  
In this chapter, I present the concept and design of AutoJam as well as an evaluation of the 
proof-of-concept prototype based on an in-situ user study with 14 participants. I categorise 
selected aspects of the user experiences into a descriptive experience map and propose four 
building-blocks of in-car performances. The AutoJam concept, as well as the identified 
building-blocks, contribute to the ongoing challenge to explore and design meaningful non-
driving activities for autonomous driving contexts.  
6.2 Related	Work	
Car-based music experience has been studied intensively as social phenomenon, as a safety and 
ergonomics issue as well as an entertainment opportunity.  
Cunningham et al. have investigated the context of in-car music listening of a social group 
travelling together. Focussing on social music selection processes they suggest a collaborative 
playback system that dynamically selects musical content based on song characteristics and 
journey contexts (Cunningham, Nichols, Bainbridge, & Ali, 2014). Coming from a symbolic 
interaction perspective, Walsh demonstrates that in-car music and other sonic material is used 
to transform the car into an habitable symbolic space (Walsh, 2010).  
From an ergonomics/human factors perspective, researchers explored the effect of music and 
sound on driver vigilance. For example, Hasegawa & Oguri (2006) investigated the impact of 
music characteristics on the driver’s drowsiness. They conclude that music preference and 
tempo are effective factors for stimulating the driver’s vigilance.  
In the context of autonomous driving, sound has been explored as an information display 
facilitating a feeling of control, trust and location awareness. For example, Beattie et al. (2014) 
investigated the effect of spatial auditory feedback on trust and situational awareness of 
autonomous and manual driving scenarios, concluding that auditory displays are a suitable 
method for enhancing trust and control of autonomous driving situations (Beattie, Baillie, 
Halvey, & McCall, 2014).     
Despite the importance of music in the design space of the car and its impact on the driver’s 
emotions, awareness and vigilance, there are surprisingly few explorative design studies that 
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investigate the interactive potential of in-car music experiences. For example, Östergren (2004) 
suggested and designed SoundPryer, a social music listening experience for brief traffic 
encounters. SoundPryer is a music sharing application that allows its users to tune into the 
music of cars in their proximity. The design rationale was that even short clips of other road 
user’s music would add another social dimension to traffic encounters and therefore, makes it 
more fun and personal. Another example of collaborative music experiences among car 
passengers has been investigated by Eckholdt and Schulz (2009). In order to establish a social 
experience of relatedness among the car passengers, they implemented a drum kit into a car’s 
interior. By exploration of the hidden instrument and coordination of their play, the passengers 
were invited to engage in a collaborative activity. 
As seen, social engagement is the key focus of research looking at designing interactive music 
experiences. However, as Walsh (2010) points out, music in cars is often a solitary experience 
that transforms the driving into an emotional private space. The research on AutoJam explores 
the potential of connecting interactive and creative music gaming, as a constitutional factor of 
autonomous driving, as a mostly solitary experience. 
6.3 The	AutoJam	Prototype	
I defined the autonomous driving technology as a future traffic jam assistant system 
(Vijayenthiran, 2012) that is able to take over the complete driving operation below 60 km/h. 
In contrast to current driving automation systems, such as Tesla’s AutoPilot (The Tesla Motors 
Team, 2015), it will allow the driver to engage in various forms of non-driving activities. In 
this explorative research, I explicitly exclude safety related issues connected to those 
technologies.  
I conceptualized the steering wheel as a key interface that would have a prominent role even in 
autonomous driving situations of the near future (such as when the steering wheel would turn 
“magically” by itself). Besides this, the steering wheel is already an important object for many 
non-driving activities such as drumming, stroking or tapping a rhythm. Based on this 
background, I initiated a contextual and iterative design process to explore interactive 
possibilities of the autonomous driving context. 
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6.3.1 Design	Process	
The design process of AutoJam was initiated and guided by the question, what interactions can 
be done on a stationary and inactivated steering wheel during an autonomous driving scenario?  
Inspired by a contextual design approach (Holtzblatt & Beyer, 2014),  I intended to 
contextualize all phases and activities of the design process. For example, for ideating 
interactions and game ideas, I conducted a series of Car-Storming sessions (Krome, Goddard, 
Greuter, Walz, & Gerlicher, 2015). In doing so, I mounted a second steering wheel on the 
passenger side of a test vehicle and drove into rush hour traffic as seen in Figure 16.  
 
Figure 16: Car-Storming Session. In order to ideate and paper prototype in the context, I mounted a steering wheel on 
the passenger’s dashboard and drove into rush hour traffic. The sessions were recorded for evaluation of the 
mockups. 
The Car-Storming sessions were attended by various configurations of game and interaction 
designers, architects and computer scientists. Equipped with sticky notes, paper and pens, the 
sessions enabled ideation in context and an immediate play-through of ideas. These Car-
Stormings provided a rich repository of possible concepts that were evaluated and documented 
based on the audio recordings and the prototyping material.   
Concepts from the Car-Storming were selected for further lab-based development. The first 
iteration of AutoJam was an audio game in which the player has to repeat drum rhythms. The 
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faster the car drives; the more instruments join the player. In a focus group, I found that the 
game’s core interaction needed to be aligned with the driving phases in order to motivate 
situational awareness of the player. However, it also showed that music games are very 
promising in facilitating a feeling of progression and mastery in frustrating traffic.  Based on 
these findings, the second iteration was focused on embedding the core-interactions with the 
driving phases in traffic.  
6.3.2 Conceptual	Design	of	AutoJam	
Drumming on the steering wheel is a common activity when listening to music. AutoJam is 
based on a touch sensitive steering wheel cover as seen in Figure 17.  
 
Figure 17: AutoJam prototype during in-lab development. The prototype consists of a modified steering wheel cover 
with three touch-sensitive pads. Each pad has a LED attached as a visual aid for the game interactions.  
The general idea of AutoJam is that the player can chose his or her favourite song and become 
part of the band. The song is dissected into three segments: A rhythm segment, in which the 
player learns the basic drum-rhythms of the song (drum-mode), a melodic segment, in which 
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the player can improvise with an instrument of the song (freeplay-mode), and a progression 
segment, in which the original song progresses and the player can listen to upcoming musical 
challenges (progress-mode). Each of these three segments are connected and triggered by three 
defined stages of a driving situation: idle-phase, when the car has stopped, acceleration-phase, 
when the car drives at an inconsistent speed and cruise-phase, when the car drives at an 
consistent speed for more than 15 seconds. Table 6 provides a mapping of driving phases and 
game mode triggering.  
Table 6: AutoJam Modes. The three game modes are initiated by the driving phases. 
Mode Driving phases Description Scoring 
Drum Idle-phase (0-5 km/h) Repeat a one bar drum loop Yes 
Freeplay Acceleration / 
deceleration (5-60 
km/h) 
Improvise an instrument with 
car speed as input of the 
notes register 
No 
Progress Cruise (const. speed for 
15 sec) 
Song progresses No 
6.3.3 Game	Design	
To develop a proof-of-concept prototype for AutoJam, I chose the song Chameleon by Herbie 
Hancock as the musical content. From the song, I extracted nine simplified drum-rhythms and 
composed three instruments for the improvisation-phase; a synthesizer and two organs. Only 
when the car is standing still, the player can progress in the drum mode and level up. Every 
time the player has mastered three drum levels, he or she unlocks a new instrument which then 
becomes available during freeplay-mode.  
Freeplay-mode was initiated when the car drives with inconsistent speed. In freeplay-mode, the 
player became the instrumentalist of the band and could improvise a solo with the unlocked 
instrument. Each of the three pads on the steering wheel triggers one note based on the song’s 
harmonic scale. However, the register i.e. the pitch of the note was based on the speed of the 
car. The faster the car travels, the higher the register of the played note. I predicted that the 
player’s creativity would be increased by the necessity to adapt the improvisation with the speed 
of the car.   
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Lastly, if the car drove at a constant speed for more than 15 seconds, the game triggered 
progression-mode. This mode did not require any interactions from the player. The original 
song progressed and the player can listen to upcoming challenges. 
6.3.4 Technical	Implementation	and	In-Car	Setup	
AutoJam was played on three conductive pads placed on the steering wheel cover as seen in 
Figure 18. Apart from the LED of the drum-pads, that visually indicate the drum-patterns, 
AutoJam does not have any visual interface. All instructions, game progressions and levels are 
audio based through music or verbal commands.  The game and car speed (taken via the OBD-
II interface) are processed on an Arduino Touchboard that is sending MIDI data to an external 
sound processor (Ableton Live) that contains the samples of the song.   
 
Figure 18: AutoJam Setup. During the user study, the prototype was mounted on the stationary steering wheel on the 
dashboard of the passenger side. 
To enable an in-situ user study, I mounted a second steering wheel with the AutoJam prototype 
on the passenger-side of the test vehicle, as seen in Figure 18. Even though the steering wheel 
could not be turned, it provided a realistic impression of a driving environment.  
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6.4 Explorative	In-Situ	Study	
To explore how playing AutoJam impacts the driving experience, I conducted an in-situ user 
study with 14 participants. All test drives took place in Melbourne city traffic. The traffic 
situation was busy, to very busy. All test drives have phases of stop-and-go traffic with enough 
standing time to progress in the game. The duration of the AutoJam playtests were between 20-
60 minutes: all 14 participants were able to complete at least five drum levels i.e. able to unlock 
one extra improvisation instrument. Seven participants were able to complete the whole game.  
6.4.1 Participants	
All participants were recruited via social media channels or a mailing list from the Audi Centre 
Melbourne. To participate, an interested person had to complete an online registration form 
containing general demographic questions. From the pool of registrations, 14 were chosen 
based on demography and availability. The 14 participants (seven females; seven males) were 
between 26 and 47 years old (M=32.78, SD=6.79). All participants had a driving license and 
owned, or had previously owned a car. All test drives were scheduled during afternoon and 
early evening, in and around Melbourne CBD.  
6.4.2 Study	Procedure	
The user study consisted of two stages. After consent and introduction to the AutoJam 
prototype, the test drive started. The participant could start the game as soon as the car stopped 
by touching the middle button on the steering wheel. This usually happened at the first traffic 
related stop. To stop the game, the participant needed to press the same button again. The 
participants could play the game as long as they wanted.  
When the participant finished playing the game, the car was parked. We then conducted a semi-
structured interview based on ten open questions on general feeling, the motivations to play, 
the perception of traffic, the autonomous driving scenario as well as a subjective evaluation of 
the situational awareness and the experience of improvising in collaboration with the car. 
Both the playtesting, as well as the in-car interviews, were video recorded for analysis.  
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6.5 Findings	
Video recordings of the in-car interviews have been transcribed and analysed through a 
thematic analysis approach (Braun & Clarke, 2006). Besides shared experiences, I focussed on 
identifying unexpected aspects of the AutoJam experience. In the following, I report on the five 
most defining categories identified by the analysis. Each of the categories consist of several 
dimensions that describe one particular aspect of the overall experience.  
A.	Player	experience	
This category describes the overall player experience based on the three game-modes triggered 
by the car’s speed. Since the cruise-mode was only initiated a few times, the drum-mode and 
the freeplay-mode had the strongest impact. The tension of the player experience ranges from 
a feeling of awkwardness to mastery. 
Awkwardness of the situation. Resulting from the eye-catching setup of the steering wheel (P6) 
or resulting from the requirement of self-expression during freeplay (P9). 
The other thing about being stopped was I became aware of other drivers looking at me 
and I was thinking, it makes me feel a bit, not embarrassed, but what are those people 
thinking about me doing this, ah, touching this funny steering wheel on the wrong side 
of the car, playing this game (P8: media technician, 41, male). 
Drumming makes me feel less awkward (laughs). When I was in freeplay [mode], I had 
to make it up [for] myself and that made me feel more uncomfortable. The amount of 
self-expression made me feel comfortable (P9: project manager, 32, female). 
Creative Performance. The eye-catching setup of AutoJam could also have a motivational 
impact on the creative performance based on the increased attention of other traffic participants. 
It brings up self-esteem but this is because I'm a musician and performer. I like it a lot 
when people are looking strange. It's a fantastic tool for musicians (P5: univ. 
lecturer/artist, 47, female). 
Feeling of mastery and achievement. The drum-mode is experienced as a challenging and 
engrossing component resulting in feelings of success, mastery and achievement. It required a 
good timing and rhythm to proceed to another level.  
It is more challenging and you’re progressing, making it to another level, it’s an 
achievement (P1: analyst, 26, male).  
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B.	Impact	of	driving	and	perception	of	car	
This category describes the impact of AutoJam on the feeling of being driven and the perception 
of the car. 
Controlled by the car. AutoJam’s connection to the driving situation is based on the car speed. 
The game-modes, as well as the pitch of the improvisation instruments in freeplay, were directly 
controlled by the car leading to the perception of being under the car’s control: 
I felt more that the car was controlling me. The speed was controlling the options I had 
but the other way around of driving (P10: PhD candidate, 29, female). 
Accentuation of driving experience. On a more granular level, the connection of speed and 
music was experienced as a natural extension of the driving dynamics. 
It is a natural connection between the car and the pitch of the sound. That makes sense 
and is very natural (P12: PhD candidate, 28, male). 
When we came around a corner and I felt the car speeds up while I was playing, I felt a 
connection in a way that it exaggerated the feeling [of moving], at least for some 
moments (P13: R&D manager, 35, female). 
Collaboration: car as instrument and actor. As expected, many participants described the car 
as being like an instrument. However, the car was also experienced as a band member or 
conductor that facilitates playful moments of music interactions. 
It’s a creative interaction but not like playing an instrument that you have to learn. More 
something that is motivated by collaboration with the car (P6: media technician, 42, 
male). 
The car is a part of the music experience, it’s an actor (P4: curator, 28, female).  
C.	Traffic	and	Progression	
This category describes how AutoJam changed the perception of traffic and in particular, the 
feeling of progression. 
Consistent progression. AutoJam facilitated consistent feelings of progression since either the 
game, the traffic, or ultimately the song and traffic (cruise-mode) was progressing. 
Every stage of the drive gives me the opportunity to progress in the game, otherwise I 
progress in traffic and that provided a constant feeling of progression (P14: safety 
engineer, 44, male). 
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Journey control through learning. Even though there was no clear indication of the expected 
arrival time or a representation of the progression of the overall trip, the learning and 
improvement facilitated a feeling of controlling the journey.  
I didn't mind it. It wasn't too bad you just sitting there and playing the game. You’re not 
getting frustrated with people in front of you. You’re definitely feeling a connection 
between progressing in game and traffic as you are going along. You getting better in 
the game but you [are] also getting closer to where you’re going. If you knew how many 
levels you have to finish before arriving, it would be much more accentuated (P7: 
musician, 26, male). 
Reframing Standstill. Connecting game-progression with the least desired element in traffic 
was one of the most effective ways to facilitate a new perception of the traffic situation. 
It's funny because only in the stops you can progress and that makes them less 
threatening. Normally I hate stops but this gives me a chance to progress (P2: architect, 
32, female). 
D.	Situational	Awareness	
This category described the subjective evaluation of situational awareness facilitated by playing 
AutoJam.  
Comfortable distraction. The level of traffic awareness was described as a comfortable 
distraction enabling a positive perception of traffic.  
I think it's a good level of distraction because if you don't need to focus too much on the 
road you won't get angry. It positively influences the perception of traffic (P9: project 
manager, 32, female). 
Gameplay forced situational awareness. The challenges of the drum mode i.e. to complete the 
level before the car started driving again, motivated the participant to anticipate the stops. This 
was not an intended interaction but could be exploited as a mechanic to force traffic awareness. 
There were a few of abrupt stops where the traffic was backed up, I was sort of 
interacting with that because I knew some tricky situations are coming up. Yeah I think 
I was aware about the traffic around (P12: PhD candidate, 28, male). 
I was watching the road as well as the wheel in both modes. Because the worst moment 
was when you progressed to four correct drum loops and then the car starts again. 
That's frustrating, so this is an additional challenge (P3: artist, 32, female). 
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Awareness as a relation to others. Situational awareness was also described as an indirect result 
of the in-car performance. The other road participants are potentially the audience of the 
performance, making the driver more aware of them. 
I was looking to other cars; I was relating to them even getting a bit aggressive toward 
them (P5: University lecturer/artist, 47, female). 
E.	Freeplay	motivations	
This category describes dimensions of freeplay motivations. The freeplay-mode was arguably 
the most controversial part of the AutoJam experience. It challenged the player to be creative 
or explorative but did not provide any quantifiable feedback.  
Self-expression. AutoJam’s freeplay-mode was a platform for musical expression similar to an 
instrument that translates current feelings or mood into creativity.   
I like the connection between music and car because you can express yourself. If you 
are tired you can react or if you are aggressive you can be violent (P4: curator, 28, 
female). 
Preparation to practice for drum-mode. Freeplay-mode showed some promising opportunities 
to be a place for relaxation and preparation. For example, enabling a moment of relaxation 
while still being connected to the car and the music (P3). Similarly: to make meaning out of the 
freeplay-mode in particular, with the changing register of the notes and practice for the 
upcoming drum-patterns (P14). 
I was trying to get it and when I get the hang of the freeplay, that it gets higher when 
driving faster then it's much more enjoyable because I can relax between the levels. Like 
a break waiting for the car slows down (P3: Artist, 31, female). 
I could not really get a melody going because all the time I hit the button it was 
changing. So I was basically practicing the moves from the drumming parts while in 
freeplay (P14: safety engineer, 44, male). 
Useless since no goal. However, one participant struggled to make sense during freeplay-mode, 
in particular because the car was going again: 
Because when the car was going I didn't see any point to do anything. There is no 
objective. I liked the drum mode much more. Freeplay was bit annoying in fact because 
I wanted to keep on playing (P1: analyst, 26, male). 
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F.	Improvisation	Strategies	
The creative character of the freeplay-mode required the participants to come up with 
improvisation strategies. To make meaning, they had to take different contexts as the source for 
their interactions. 
Exploration of the connection speed and music. Initially, the exploration of the speed and 
pitch connection was the focus, and considered as an enjoyable connection of motion and music 
(P7). However, this exploration seemed to wear off after a while (P6). 
It's an exploration of the music and speed that is always nice (P7: musician, 26, male). 
The pitch-shifting is going with the speed this is cool but after 10 minutes I want 
something new to be able to manipulate the sound and improvise. Another way to 
change the sound (P6: media technician, 42, male). 
Aligning with background music. After understanding the connection (the exploration phase) 
musical content became the focus of improvisation and the individual impact became 
secondary. 
I was happy to groove with the background track and wasn't too much listening on my 
impact (P13: R&D manager, 35, female).  
Sonification of surrounding. Most interestingly, one participant (a professional musician) 
described a translation of the surroundings in relation to speed as the core of his interpretation 
strategy. 
It was nice if it tuned up, so you were looking for a change. I was looking outside while 
improvising, take in the things around me. Much more than I thought I would. It is also 
a natural thing when you are driver. You won't look into the steering wheel when you 
do this (P7, musician, 26, male). 
6.6 Building	Blocks	of	In-Car	Performances	
The analysis of the interviews provided us with a detailed resolution of the AutoJam user 
experience. Particularly, the creative performances in the context of the driving situation 
enabled a new perspective, how creative play can frame driving and traffic into a space of self-
expression and improvisation. Table 7 provides an experience map identified from the 
interviews. Each column represents one category of the analysis. The individual player’s 
experience can be described as an individual process of switching between different 
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configurations (i.e. dimensions) facilitated by the dynamics of the game and the driving 
situation. 
Table 7: AutoJam experience map. The categories and dimensions as identified from the semi-structured interviews. 
The individual experience of the player can be understood as a dynamic transition between the dimensions of the 
categories. 
Player 
experience 
Impact on 
driving exp. 
Traffic and 
progression 
Improvisation 
Strategies 
Freeplay 
motivations 
Situational 
awareness 
Creative 
Performance 
Accentuation 
of driving 
Consistent 
flow 
Exploration Self-expression Comfortable 
distraction 
Mastery Car as actor Journey 
control 
Backgrounding Chance to 
practice 
Forced by 
gameplay 
Awkward 
Situation 
Controlled by 
car 
Reframing 
standstill 
Sonification of 
surrounding 
Useless Relation to 
others 
 
In the following, I reflect on the findings of the semi-structured interviews by discussing the 
dynamics of the in-car performance. I identified four crucial building blocks of in-car 
performances: (1) the stage, (2) the play, (3) the progression and (4) the roles/actors. The 
following provides a brief overview how the dynamics of the user experience (as shown in table 
2) establishes and impacts the building blocks of the in-car performance. 
(1)	The	Stage:	a	private	/	public	play	
Cars are public as well as private spaces; especially when standing in traffic and being exposed 
to other road users. On one hand, the encapsulation of the car established a feeling of being 
protected from the outside. On the other hand, the car is a genuine vehicle for (self-) 
presentation. The car is both the stage, and the backstage as outlined by Goffman (Goffman, 
1975). This combination often established a tension between the car as a private space and the 
car as representation. 
Our interviews confirm the tension. The eye-catching setup of AutoJam motivated great 
performances but also resulted in awkward feelings of being exposed to other people’s glances, 
in other words, being exposed to an audience. According to Goffman (Goffman, 1974), the 
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frame is the definition of the situation and guiding principle, which organize the behaviour and 
the subjective involvement of the actors. Situations where the actors have different frames may 
lead to awkwardness. For example, starting to sing an opera in a supermarket queue results in 
the actors (i.e. the singer and other shoppers) framing the situation differently, usually leading 
to mutual embarrassment. Appropriate cues, such as a costume and other stage props, can help, 
however, to frame the situation as a show. In AutoJam setup, the car is both the costume and 
the stage props of the player that need to support and communicate the frame of creative play 
to prevent awkwardness.  
I assume that this awkwardness resulted entirely from AutoJam’s eye-catching test setup, and 
not from the type of interactions. Tapping the steering wheel is an interaction that may not break 
the frame of the situation. Nevertheless, I propose that future in-car activities will require a 
framing of the situation by communicating the play to other traffic participants. In the case of 
AutoJam, a clear definition of the situation would reveal the creative result to the outside. 
Examples could be as simple as an LED strip or a windscreen display that would serve as 
visualization (such as equalizer-bars) or the casting of the music to the outside world.  
(2)	The	Creative	Play:		Improvisation	and	situational	awareness	
Freeplay-mode, i.e. the improvisations in the context of driving speed, is the most crucial 
creative component of AutoJam. The improvisation of freeplay-mode was designed to enable a 
heads-up experience. The assumption was that the connection of music production and speed 
would motivate the player to creatively interact with traffic while being aware of the car speed 
and the surrounding traffic.  
The user study shows that the motivation to engage in improvisation swings between an 
exploration of the relationship between speed and pitch of the note, the accentuation of 
background music, and the translation of the surroundings into musical expression. I propose 
that this motivational dynamic is a very productive way to promote creativity in driving 
situations. However, it also strongly influences the direction of situational awareness. Creative 
in-car activities benefit from motivating the player to engage in a transformation of the driving 
task into a creative product. In creative in-car games, the similarities between driving a car and 
playing an instrument can be exploited by phases of structure and improvisation.  
The AutoJam experience outlined a close relationship between creative improvisation strategies 
and situational awareness. These improvisation strategies appear to relate themselves on 
contextual factors: speed, music or surroundings. The design challenge for establishing 
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situational awareness through improvisation was to make these contextual input factors 
playable.    
(3)	The	dramatic	Progression:	the	tension	of	stop-and-go	
AutoJam has been designed to enable a consistent feeling of progression while in traffic, which 
is experienced on three levels. When the car has stopped, the player can progress in the game 
and unlock new instruments. When the car drives with inconsistent speed, the player can jam 
with the unlocked instrument and finally when the car reaches a cruise-speed, the song 
progresses and does the driving. Even though this cruise mode was only triggered a few times 
during the test drives, the participants reported that the alignment of game and traffic progress 
resulted in a consistent feeling of progression. The alignment proved to be a successful 
implementation to facilitate a feeling of progression. 
However, AutoJam translated the tensions of stop-and-go traffic into a challenge that affords 
an ongoing switch between a gameful activity and a playful or creative activity. For some 
participants, this dialectic of instructions and improvisations became excessively demanding, 
as it would break the flow of the game. In contrast, the musician’s reported that this swing 
between the mindsets reminds them of playing in a band with phases of structured and freer 
parts.  
One musical solution to relieve tension between those two contrasting game-modes could be 
an integration of the music created in one mode, as content of the other mode. Another way 
could be the integration of game-elements into freeplay-mode. Recent research on the 
intersection of play and games such as (Holopainen & Stain, 2015; Sicart, 2014; Stenros, 2015) 
show promising results to facilitate creative activities by gameful mechanics.  
(4)	The	Role	of	the	car:	play	maker	and	instrument	
As cars transform into robots, the in-car activity may shift from operational control to a more 
collaborative driving activity. With AutoJam I explored how a playful integration of the driving 
context can transform creative music production into a dialogue with the car and the driving 
situation. As the user study suggests, the experience of driving toggled between an accentuation 
of driving, a collaboration, and a feeling of being controlled by the car. Whereas the last 
interpretation (the car as a playmaker) resulted from the tensions discussed in (3), I assume that 
the other experiences resulted from the interpretation of speed as a feature of driving. The 
collaboration was perceived as an addition to driving rather than a dialogue with the car. In 
other words, the car transformed into a medium for experiencing the driving situation from a 
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musical perspective (with the positive side-effect of a consistent feeling of progression). The 
findings from the interviews support this interpretation by the strong prominence of the driving 
context reported by the players. The musical connection to the car’s speed accentuated the 
experience of driving and progressing through traffic. This perception is also manifested in the 
participant’s desire to incorporate the expected length of the trip into the game. The song 
progresses with the trip; whereas the car controls the play and is played at the same time. 
6.7 Limitations	and	Future	Work	
Designing for a future scenario such as an advanced autonomous driving situation, I made 
several design assumptions that require further discussion. First and foremost, I explicitly 
focussed on the design, assuming that safety related aspects of a serialised implementation into 
a real autonomous driving context will require further thoughts. I assumed that future 
autonomous driving systems will resemble the current constrains of front-seat passengers, with 
the addition to maintaining situational awareness in case of a take-over request. The important 
question regarding response time and engagement in a non-driving task have not been taken 
into consideration during this explorative design and study work. Furthermore, in current 
autonomous driving systems, the steering wheel often serves as an interface for immediate take-
over intervention of the driver. Drumming on the steering wheel would be a safety critical 
intervention. However, I designed AutoJam for a future, more advanced version of autonomous 
driving that require human take-overs only on request. This would enable new opportunities for 
interacting with the car’s interfaces such as locking the steering wheel when in autonomous 
driving mode.  
The user study focussed on exploring the experiences of playing AutoJam. The findings are a 
qualitative evaluation of the users, that do not allow a conclusion regarding their actual 
situational awareness. In contrast, the findings reveal possible design strategies for establishing 
situational awareness through relating the inactive driver with the autonomous driving situation. 
The study provides a first conceptual understanding of the car’s design space for motivating 
creative interventions in a frustrating traffic situation. Future research is required to guide a safe 
implementation in the autonomous driving context.  
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6.8 Summary	
This chapter presented AutoJam, the first conceptual understanding of designing creative, 
musical interventions to positively influence the perception of a frustrating traffic situation in 
an autonomously driven car. In doing so, I presented the concept of AutoJam and reported on 
the results of an explorative in-situ user study. From the user study, I extracted categories and 
dimensions of the most relevant user experience factors and articulated building blocks of in-
car performances. This work informs future design activities by providing a frame for 
understanding the complexities of improvisational and creative activities in the context of future 
autonomous driving. 
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	7			
Case	3:	AutoRoute	
 
Figure 19: AutoRoute in the Car. 
This chapter presents AutoRoute, an in-car commuter app for a future of full-autonomous 
driving. It presents the conceptual design, the prototypical development and the evaluation by 
an in-situ Wizard-of-Oz study. The material of this chapter was subject of a forthcoming 
publication: 
Krome, Sven, et al. "AutoRoute: Designing Pleasurable Commuting Experiences for Future 
Autonomous Driving." Forthcoming in 2017. 
Everyday, millions of people commute to work by car. Research shows that commuting is seen 
as a daily hassle. However, commuting also fulfils a crucial role in separating private and work 
life. In order to explore the future of autonomous driving and how it impacts on commuting 
experiences, I designed and tested AutoRoute, a navigation-app that connects the commuter’s 
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preferences with what the city has to offer. AutoRoute enables a location-based reflection of 
preferences and invites the commuters to explore new ways home, by spontaneously changing 
the route. In this chapter, I present the concept and the implementation of AutoRoute. 
Furthermore, I report on the results of an in-situ user study with ten Melbourne-based 
commuters in a Wizard-of-Oz autonomous car, and articulate design strategies for framing 
future commuting in autonomous cars as a pleasurable activity that facilitates exploration, self-
reflection and autonomy.  
7.1 Introduction	
Car-based commuting is by far the most popular mode of commuting. In the US alone 86% of 
the commuters drive to work and back home with an average travel time of 25.5 minutes one 
way (Pisarski, 2006). This makes commuting an important part of everyday life. However, 
many people perceive commuting as a daily hassle or even a waste of time, especially when 
stuck in rush hour traffic.  
Indeed, commuting and associated effects have been studied intensively and from a large 
variety of perspectives. Almost the entire literature concludes that particularly car-based 
commuting is a stressful and frustrating activity, often reinforced by traffic congestions, leading 
to mental and physiological issues (Evans, Wener, & Phillips, 2002; Wener & Evans, 2011). 
However, commuting also fulfils an important function in the everyday life; an aspect often 
neglected by researchers and commuters alike (Koslowsky & Kluger, 1995). It may help to 
separate the working environment from private life and at best, enables the commuters to 
prepare themselves for the upcoming challenges as a worker or winding down work-related 
stress to enjoy quality time at home. In other words, commuting is an integral and beneficial 
part of the person’s life, yet often neglected or devaluated as a daily hassle. I believe that with 
the right design, commuting can be experienced as an important and self-determined daily 
activity. 
Autonomous driving promises a relief from undesired driving situations. This would be 
especially beneficial for commuters who are exposed to rush hour traffic and the monotony of 
the ever-same route. I believe that autonomous driving can fundamentally reframe car-based 
commuting as a self-determined and desirable activity. In contrast to commuting by public 
transport, a car-based commute can leverage on the feeling of independency i.e. to go wherever 
and whenever you want or spontaneously change the route, stop and get out of the vehicle. In 
order to explore this enormous potential of fully-autonomous driving within the commuting 
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context, I designed and implemented AutoRoute as a proof-of-concept prototype. AutoRoute is 
an experimental in-car application designed for the future scenarios of commuting in 
autonomous cars. It enables the commuters to break the monotony of their own commute by a 
spontaneous exploration of their environment through instant rerouting and reflection of 
preferences. 
7.2 Related	work	
Even though commuting has been studied intensively from a variety of angles, there is 
surprisingly few research that focusses on a design-based exploration of the commuting context.  
CommuterNews (Tester et al., 2000) is a concept of an in-car application that aims to make 
news on the radio more engaging while commuting. Before the commuter can listen to a new 
story, they are asked a series of questions about the content of the story. The authors speculate 
that these teaser questions will change the way the commuter listens to the content of the story. 
Besides targeting commuters, CommuterNews does not integrate into the context of driving. 
Also, apart from this concept no further research, such as a proof-of-concept prototype, has 
been conducted.  
In the context of commuting in autonomous cars, Terken et al. (2013) explored an interactive 
in-car projection of virtual environments in order to calm down stressed commuters on their 
way home. In a simulator study the application showed promising results helping participants 
to calm down. However, it did not use any contextual elements of driving as an input and was 
evaluated as unengaging by the participants.   
In-car GPS navigation systems have been studied intensively in terms of usability and 
orientation features. In recent research projects the explorative, social and pleasurable aspects 
of in-car navigation also gained some attention. For example, the front-seat navigator explores 
how the navigation task can be shared between front-seat passenger and driver enabling a much 
bigger insight into the road scenery (Perterer, Meschtscherjakov, & Tscheligi, 2015). Pfleging 
et al. have investigated the acceptance of different route suggestions by an online survey 
(Pfleging, Schneegass, Meschtscherjakov, & Tscheligi, 2014). Even the instructional character 
of navigation systems has been taken into question. Eckholdt et al. (2013) suggested an idea of 
a navigation system that provides only broad indication of direction instead of turn-by-turn 
instructions. The goal is to instill a feeling of autonomy and mastery by allowing the driver to 
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explore their own way to the destination. An implementation or proof-of-concept of this 
approach is still missing. 
Besides this, in-car game design research has shown interest in using elements of the driving 
context, such as speed, g-force or points-of-interests (POI), as an input-factor in their systems. 
For example, Brunnenberg et al. explored an in-car story-game for children, which unfolds its 
content based on POIs of the surrounding area (Brunnberg, Juhlin, & Gustafsson, 2009). 
Sundström et al. (2014) suggested three games for kids that use the dynamics of the driving 
context in order to make the kids sit safely. Similarly, Krome et al. (Krome et al., 2015) 
developed a context-based design process for prototyping interactions with the car’s speed in 
order to increase the driver’s contextual awareness while performing non-driving activities.  
7.3 Preliminary	Research	and	Design	Goals	
In order to gain a better understanding of current car-based commuting, I conducted a 
contextual inquiry of Melbourne-based car commuters (Krome et al., 2016). I identified four 
experiential contexts and three temporal contexts that have a strong influence on the commuting 
experience. From these findings I created three conceptual design goals that have crucially 
informed the design of AutoRoute.  
(1)	Reframe	commuting	as	an	active	part	of	the	day	by	integrating	the	morning	
and	evening	commute	into	one	meaningful	activity.	
Commuting is often experienced as a monotonous and externally motivated routine. The 
contextual inquiry has shown that the two commuting trips are different in respect of the 
commuter’s mood, desires and objectives. I assume the commuting experience would improve 
if I was able to connect the two commuting trips in a pleasurable way.  
(2)	Align	the	core	interaction	with	the	traffic	or	driving	situation.	
In the preliminary research, I identified that the standstill of the car in rush hour traffic has a 
tremendous effect on the commuter’s experience. In order to break this perception, I assume 
that the system’s interaction approach needs to be in alignment with the stop-and-go of traffic. 
With this in mind, I set the goal to embed the interactions into the context of the driving 
situation. In particular, when the car stops, it should become an engaging or even rewarding 
moment of autonomous driving.  
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(3)	Leveraging	the	unique	potentials	of	autonomous	driving	in	particular	and	car-
based	commuting	in	general.	
Studies on automated driving technology imply that the introduction of autonomous driving 
may result in a decreased feeling of autonomy, competency, and being-in control (Eckoldt et 
al., 2012). I believe, however, that the right car-based interaction system would make 
autonomous driving a superior experience, far beyond any manually driven car, especially when 
driving in rush hour traffic. In doing so it would be necessary to leverage the non-driving 
activity i.e. the interaction system, on one of the unique properties of the car such as 
independency, privacy, or the augmentation of the environment with additional information.  
7.4 The	AutoRoute	Prototype	
With the three conceptual design goals in mind, I designed AutoRoute as an in-car 
exploration/navigation application that is neatly connected to the driving situation and 
facilitates a reflection of the user’s commuting practice. In the following, I describe the 
conceptual design of AutoRoute and present its technical implementation as an in-car app for 
commuting in fully-autonomous cars.  
7.4.1 Conceptual	Design	
AutoRoute is an exploration/navigation application that connects the morning-commute with 
the evening-commute in a unique way:  
In the morning on the way to work, the commuter can pre-define or curate the route for the 
evening when driving home. However, the commuter can only curate the evening route 
indirectly by liking location-based tags and routing corresponding Points-Of-Interests (POI) 
into his/her route home.  
In the evening, before starting the return trip, the commuter is asked to select a time-budget for 
this trip (Figure 20).  
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Figure 20: AutoRoute's time-budget selection screen for the journey home. 
After selecting the time-budget, the commuter’s pre-defined route from the morning is 
displayed. This route contains all routed POIs from the morning session. If the selected time-
budget is too short, the commuter has to un-route some of the POIs. If the selected time-budget 
is bigger than the amount of POIs from the morning, the commuter is able to spontaneously 
route additional POIs into his/her route. 
7.4.2 Interaction	Design	
In order to embed AutoRoute with the driving context, the two central interaction modes, the 
selection of tags and the routing of POIs, are based on the car’s movements. This 
implementation aims to fulfil design goal (2). I also expected that this tight integration would 
establish AutoRoute and the autonomous car as one unit. AutoRoute should be experienced as a 
driving application seamlessly integrated with the car’s driving operation, and not as standalone 
application.  
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Interactions	when	the	car	is	driving	(driving	mode)	
When the car is driving (i.e. km/h > 0), the AutoRoute system suggests the tags (i.e. descriptive 
keywords that are sourced from POIs in vicinity) to the commuter. In this proof-of-concept 
prototype, these tags appeared prominently in the centre of the screen and were vocalized by 
Google’s voice API. For future iterations, I envision a subtler augmented reality visualization 
that overlays the tags onto the road or surrounding objects.  
The tags change every three seconds. If the user likes the tag by clicking the like button below, 
the tag will be saved and appears in the top row. As long as the car is driving, the user can add 
tags. If the number of tags is bigger than five, all collected tags will be lost. I built in this 
mechanic for two reasons: First, I wanted to motivate the user to deliberately like tags. 
Secondly, I thought it would inspire the user to anticipate the driving phase and subsequently 
choose the tags with the goal to complete the five empty spaces.  As soon as the car stops, POIs 
are suggested that are relevant to the tags. Figure 21 shows a screenshot from the driving screen 
of AutoRoute. 
 
Figure 21: AutoRoute Driving Screen. When the car is driving, the user can like tags from the surrounding locations. 
Each tag is shown for three seconds and is articulated by Android’s voice API. In each driving phase up to five tags 
can be liked and saved in the tag-bar in the top row. 
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Interaction	when	the	car	has	stopped	(stop	mode)	
When the car has stopped (i.e. km/h = 0), AutoRoute suggest POIs based on the selected tags 
from the driving phase. The user can either route this POI by swiping the POI to the left or out 
the POI by swiping it to the right. If the user routed a POI, the place is added to the route and 
the route display changes correspondingly, which the autonomous car would then follow. If the 
user swiped the POI to out (to the left), the POI is deleted from the stack and no action would 
be taken by AutoRoute. Figure 22 shows a screenshot of the stop-phase display in which the 
app is currently in un-routing-mode. 
 
Figure 22:  AutoRoute Stop Screen. When the car stops the route-display goes up presenting the stack of POIs based 
on the tags. By swiping the user can route the POI and the route-display changes. 
Un-routing	mode	
Only during the evening-commute, AutoRoute can switch into un-routing-mode. This only 
happens when the user has chosen too many POIs for the selected time-budget. The re-routing-
mode is displayed by the red bar below the arrival time (Figure 3). During un-routing-mode, 
the user needs to review their current selection of POIs. To un-route an POI, the user has to 
swipe it to out. In order to leave the un-route mode, the user has to un-route POIs until the 
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selection fits the time-selection. To allow the user to review all selected items the un-route-
mode is activated until the car starts driving again and switches to the driving stage. 
7.4.3 Technical	implementation	
The proof-of-concept prototype of AutoRoute was implemented as an Android app on a Nexus 
10 Tablet PC.  The connection to the OBD-II interface of the test car (an Audi A8) was managed 
by an Arduino Leonardo microcontroller equipped with two Bluetooth HC-05 modules. One 
module was connected to the OBD-II Bluetooth interface that was reading the car’s speed. The 
car’s speed was transmitted to the AutoRoute app via the second Bluetooth module.  
In the user study, the AutoRoute app was not connected to the internet. All content was uploaded 
to the AutoRoute app in advance. Each POI has a data set containing the name, the image, the 
duration and the three tags that described the POI. In total 253 POIs have been uploaded. A list 
of 867 tags were prepared to be displayed and be vocalized during the driving phase of the app. 
The list contained all tags of the POIs plus duplicates and manually added tags. The images of 
the POIs were taken by the researcher when exploring the test route prior to the user study 
sessions. Name, images, time value and tags of the POI were added manually.  
While driving, the AutoRoute app selected random tags from the pool of tags. While standing, 
the POIs were chosen based on the selected tags of the POI. The time value was a number 
between 0 and 5 minutes. 
7.5 Explorative	In-Situ	Study	
I implemented the three design goals as following: (1) On the way to work the commuter can 
pre-define the route back home by routing POI. (2) I aligned the core-interaction of AutoRoute, 
i.e. the gathering of preferences and the routing of POIs, with the rhythm of traffic related stops 
and starts. (3) On the way home I leveraged a feeling of independence by allowing the user to 
spontaneously route and un-route POIs in a consequent-free environment (time-budget). 
In order to explore the impact of this particular implementation of AutoRoute on real-world 
commuting experiences, I conducted a qualitative in-situ study with ten Melbourne-based 
commuters. Since I was particularly interested in gaining understanding of AutoRoute as an 
interactive solution that connects commuting and autonomous driving experiences, the focus of 
the user study was to explore how the implementation of the design goals had impacted and 
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reframed the user experience of commuting in an autonomous car. Within the context of the 
design goals I postulated three research questions:  
1. What was the impact of preference-based re-routing on the experience of location, the 
city and the routine of commuting? 
2. How did AutoRoute change or reframe the perception of the commute to a proactive, 
self-determined activity?  
3. What was the impact of the alignment of AutoRoute interactions with the context of 
driving such as on the experience of autonomous driving, in particular, regarding issues 
of control and autonomy?  
7.5.1 Study	Design	
AutoRoute is designed to integrate the duality of the morning and evening commute and to 
break the perceived monotony by spontaneous rerouting based on the commuter’s preferences.  
Participants	
In order to understand this impact, I based the study design on the everyday commuting routines 
of the ten participants. Table 8 presents an overview of the ten participants. 
Table 8: Overview of participants. All 10 participants live in the suburbs of Melbourne with a commuting time 
between 20-45 minutes one way. Work place: aRMIT, bAudi-Centre, cdark at return commute, dsouth to north 
commute. 
Case (sex) Age Occupation Remark 
P1 (f) 46 Senior lecturer 
a - 
P2 (f) 30 Sales manager 
b Café stop 
P3 (f) 34 R&D executive Dc, Nd 
P4 (f) 26 Receptionist 
b D 
P5 (f) 32 Visual designer N 
P6 (m) 37 Sales manager 
b D 
P7 (m) 31 Academic staff 
a - 
P8 (m) 29 Financial analyst - 
P9 (m) 33 Academic staff 
a ATM stop 
P10 (m) 41 Media technician 
a - 
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Participants were recruited via social media channels and mailing lists of the Audi Centre 
Melbourne. Interested participants were asked to complete an online registration form 
containing general demographic questions as well as past and current commuting habits (e.g. 
route, duration and mode of commuting). Since the study required a trip through Melbourne 
city on the evening commute, I chose ten participants whose work place was in or close to the 
city to minimize the detour in the evening.  
Procedure	
Each participant was chauffeured to and from at their requested times during a usual work day.  
In the morning, the participants were picked up from their home address. After consigning to 
the study, the AutoRoute application and the study procedure was introduced. In the morning, 
the participants were transported to work on their usual commuting route. While on the trip to 
work, the participants were asked to use the morning-mode of AutoRoute. The participants were 
informed that they could route as many POIs as they liked because they would be able to un-
route POIs as desired in the evening. Additionally, the participants were told that all tags and 
POIs are dynamically sourced from the internet. The tags and POIs are based on proximity to 
their current location, but also fall back to data further afield if nothing was available. During 
the morning commute, no separation between driver and passenger was setup to enable the 
participants to ask any questions regarding the application and the process. This was intended 
to ensure the participants understood the concept of AutoRoute so that during the evening 
commute, there would be no interruptions regarding the use of the prototype.  
In the evening, I picked up the commuter from work. The participants were presented with the 
layout of the route based on the selected POIs from the morning commute. After entering the 
car, the participants were asked to select a time-frame for the return trip as seen in Figure 20. 
Based on the chosen time-budget, the application would switch immediately into un-route-
mode. After making sure that the participant had understood the concept, I transformed the car 
into a Wizard-of-Oz autonomous car by mounting a cardboard divider between driver and 
participant as seen in Figure 4. The participants were instructed to only talk to the driver if he 
or she wanted to stop at a certain POI. The participants were also informed that there was no 
notification if the car reaches a selected POI and it is part of the experience to look out and 
recognize the POIs by themselves. 
After completing the test route, which usually took 20-25 minutes, the car was parked and I 
conducted a semi-structured interview guided by ten questions. The interviews took between 
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10-25 minutes. The user tests, as well as the interviews, were video recorded for further 
investigations.  
7.5.2 Application	and	Car	Setup	
The functionality of the AutoRoute prototype was as described in the section above. The route-
display (as seen in Figure 21/Figure 22) was based on static images that changed algorithmically 
based on the user’s routing and un-routing interactions, as well as the timely progression in the 
route. Since the prototype does not have a GPS module, the progression in the route has been 
hardcoded based on driving time. After one minute of driving time (i.e. more than 5km/h) the 
progression display in the route visualization increased for one segment. This resulted in a 
completion time between 20-25 minutes depending on the amount of traffic. 
In order to increase the feeling of being in an autonomous car, and in particular, to force the 
participants to manage the navigation request via the app and not directly talk to the driver, I 
created a simple WOZ autonomous car setup inspired by Baltodano et al. (2015). The driver 
separation consisted of a simple cardboard that was mounted between driver and passenger 
(Figure 23). The cardboard was cut into a shape so that the driver was able to see all three back 
mirrors but the passenger was not able to see the driver or the steering wheel when sitting 
upright. However, leaning forward enabled driver and passenger to see the application or the 
steering wheel respectively.  
 
Figure 23: Wizard-of-Oz Test Car Setup. Left the driver. Right the participants. The tablet PC that runs the 
AutoRoute prototype was mounted in front of the test participants. 
 
7	Case	3:	AutoRoute	 	 Analysis	
 
107 
 
POIs	and	Route	
All POIs of the AutoRoute application were located on the test route seen in Figure 24.  
 
Figure 24: Test Route of the home commute. All POIs were located on this route. Even though all trips were along the 
blue line (with minor deviations), the participants believed their individual realized route is exclusively based on their 
own selection of POIs. 
Each POI was manually selected, photographed and tagged, based on information from the 
internet as described above. The route led through Melbourne City and was driven North-South 
except in two cases whereby I drove South to North. Not all test drives followed exactly the 
same route, some required minor detours due to specific traffic situations. All return commutes 
took place during Melbourne’s peak hour, between 5-7pm. Subsequently, the traffic situation 
was slow moving with some part of intense congestion, mostly when approaching the 
intersection of William St. / Flinders St. at the end of the route. 
7.6 Analysis	
The analysis of the video material of user test and interview consisted of two steps. At first the 
whole video material, i.e. the test and the interview, was viewed while taking notes on typical 
and special behaviour of the participants for later reference. In a second step, the interviews 
were transcribed and coded with NVIVO software. After an initial free coding of the transcripts, 
I clustered the nodes based on the relation to each other and topics of interests following a 
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thematic analysis approach (Braun & Clarke, 2006). I identified eight distinct categories with 
several dimensions that provided insights into the quality of the user experience. In the 
following section, I present the findings from three of the categories that are most relevant to 
the presented research questions. Besides the experience, I also inquired about several usability 
questions such as the abstract visualization of the route-display, the filtering of tags and the 
prompts of the locations. These findings will inform the next iteration of the AutoRoute 
prototype, but are excluded from the following report on experience related findings. 
7.7 Findings	
Discovering what the city has to offer. The duality of AutoRoute, selecting tags and routing 
corresponding POIs, enables the user to get inspired by something that would not come into 
mind without a trigger from a tag. Curiosity and serendipity played a crucial role in the selection 
process such as P5 explained:  
Some tags were kind of mysterious and I only liked them to know what they are. This 
was a good thing but could lead also to surprising encounters (P5: female, 32). 
Being exposed to a large variety of tags that are independent of the user’s preferences had a 
tremendous effect on several participants. P1 explained that passing through the information 
layer (especially the vocalization of the tags) was like a psychiatric test for her similar to [t]he 
tests when someone says something and you associate the first thing that comes in your head 
(P1: female, 46).  Moreover, the consequence of listening to unfiltered tags of the surroundings 
resulted in a thinking about myself (P7: male, 37). This exploration of self-reflection seemed to 
play a major role in the experiences of AutoRoute. Participants articulated their desire to be able 
to archive the preferences and save them for further investigation:  
I would actually study the preferences I've chosen in order to learn what I want to do, 
to learn about myself. I would like to have an archive and an alert to do something (P4: 
female, 26).  
Reframing Commuting. AutoRoute enables the user to select POIs and consequently pre-
define the route of the home-commute while already on the way to work. The application’s 
implicit hypothesis is that the curation of the home-commute in the morning would make 
commuting a meaningful activity that even reframes the time at work. For P6 it was even more 
so, by changing the way to think about commuting:  
7	Case	3:	AutoRoute	 	 Findings	
 
109 
 
Usually I just go home as fast as possible without thinking about it. […] I see the 
commute as something to get over as quick as possible. It [AutoRoute] takes the concept 
out of my head that I have to be somewhere at a certain time. The first part in the 
morning gives you the opportunity to look forward to something (P6: male, 37).  
Moreover, participants valued the utility of AutoRoute as a tool for managing commuting on a 
daily basis. The changed quality of the commuting experience is also visible in the requested 
features like assigning tags and POIs to specific days in the week that would ultimately 
transform commuting to an in-car to-do list. For others, it would help to explore their 
preferences in relation to what the city has to offer:  
Situations where you don't know what you want but you know that you want something 
(P2: female, 30).  
This serendipity-like commuting experience would have helped them to gain a new 
consciousness of the city (P7, male, 31). Furthermore, the spontaneity of instant re-routing was 
discussed. P3 explained she would like to add restrictive elements to her commute such as only 
allow left turns or only use streets with a specific letter. This would ultimately transform 
commuting to a game-like experience with the route and the city as its playground. The 
participants responded in unison, the potential of daily use to break the monotony of the 
commute. 
Unfolding autonomous driving. Using AutoRoute as an application to augment autonomous 
driving resulted in an increased perception of self-efficacy as well as an increased wellbeing. 
As P3 reported, she felt some kind of importance because I can choose something and that 
would increase her self-esteem (P3: female, 34). Moreover, interestingly, the most used 
concepts to describe the AutoRoute experience were freedom, autonomy and a feeling of control 
usually experiences that are rarely attributed with automated driving scenarios. Particularly, the 
spontaneous re-routing (based on personal preferences) in an almost consequence-free 
environment (the time-budget feature) seemed to make the powerful capacity of autonomous 
driving tangible. For example, P6 almost stated a textbook definition of autonomy: he would 
like the re-routing feature because it brings me in control so that my goals were instantly 
reflected in the commute (P6: male, 37). Furthermore, P10 felt 
[…] a sense of freedom because you can choose, you can change your mind and you 
can go anywhere you want at your own pace (P10: male, 41).  
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For P8 the new freedom seemed even too much to cope with stating he would never reach a 
destination because of constant re-routing. To sum up, it seemed as if AutoRoute transformed 
the autonomous car into a medium to facilitate a negotiation process between the augmented 
environment and the hidden or even unknown preferences of the commuter. This led the 
participant to interpret the driving activity as a mediated realization of his decisions:  
[A]s soon as I routed it I felt that the car started to change lane and was heading 
towards it. It felt like it was reacting on me but only slightly (P6: male, 37). 
7.8 Discussion	
In the following, I interpret and discuss the three central findings with the goal to provide future 
designers a frame for ideating and discussing the context of commuting in autonomous cars of 
the future. Connecting the implementation of AutoRoute’s design goals (the integration of home 
and work commute, the exposure to unfiltered environmental tags, and the spontaneous re-
routing feature) with the findings of the user experience study, I propose three starting points 
for application design in the context of commuting. All three are aiming to promote a feeling 
of autonomy, freedom or control in the context of commuting in particular, but are also 
promising for future navigation use cases of autonomous driving in general.  
(1)	Self-reflection	as	a	motivator	for	exploration	can	be	facilitated	by	an	
exposition	to	unfiltered	realities	of	augmented	information. 	
Participants reported that AutoRoute provided the experience to navigate the city through an 
augmented layer of information. Hereby, the exploration consisted of a dialogue between what 
the city has to offer (i.e. the navigation of the car) and the exposition to unfiltered tags that 
provoke curiosity and reasoning. As I have seen, navigating by preferences requires an 
understanding of what you want, i.e. a moment of self-reflection. A crucial design sensitivity 
for future explorative navigation systems will be the management of the inner dialogue of the 
users with the chosen (augmented) layer of information that relates to the current location. The 
findings imply that the car has a genuine potential to be a medium for exploration of new places. 
The features of the car, especially the mobility and encapsulation, make it a perfect instrument 
for being confronted with augmented location-based realities that may be disturbing in other 
contexts. In other words, the evaluation of AutoRoute shows that the car has a great potential to 
facilitate an exploration of non-filtered information. 
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(2)	Awareness	of	the	commuting	routines	and	playful	exploration	needs	to	be	
framed	as	a	utility.	
AutoRoute connected the work and home commute by making the home commute a topic while 
on the trip to work. The user study indicates that the commuting experience was fundamentally 
reframed by becoming a proactive, self-reflective activity. For designers of apps for the 
commuting context, it will be decisive to balance the commute’s routine-nature with the 
inspiration to go new ways (literally and metaphorically). As a proof-of-concept AutoRoute, at 
least in its current state, does not provide the sensitivity for being an everyday activity or have 
a purpose beside being an explorative driving application. It is a proof-of-concept prototype of 
experimental and explorative purpose. However, the user feedback clearly indicates that a more 
utility-based iteration such as weekday assignment or to-do list features could greatly benefit 
from the contextual implementation of an explorative commuting app. I imply that it is not 
enough to just make the user aware of the commuting activity. It is important that awareness is 
embedded into purposeful or useful context for the everyday routine.  
	(3)	The	shift	to	journey	control	requires	a	clear	time	frame	to	enable	spontaneous	
decisions. 	
AutoRoute was described as increasing freedom, autonomy and control in the context of 
autonomous driving. The findings suggest that these feelings resulted from an alignment of 
AutoRoute’s interactions with the driving and commuting context. On one hand, there is a 
meaningful connection of the core-interaction with the context of driving in rush hour traffic: 
being exposed to new tags while driving and routing corresponding POIs when the car has 
stopped. On the other hand, AutoRoute built on one of the strongest differentiators of car-based 
commuting in comparison to public transportation: the feeling of independence to potentially 
go everywhere and stop or return instantly.  
Ultimately, this spontaneity was additionally enforced through maintaining a journey control 
i.e. defining the length of the trip by selecting a time-frame. The interviews implied that the 
connection of a contextual structure of suggesting preferences, together with the leverage of 
instant and spontaneous re-routing in an almost timely unconstrained setting, (i.e. the time-
frame) resulted in a feeling of freedom and gained a feeling of control; not as operational control 
but as control over the journey. From this, I propose that the user experience of autonomous 
driving may improve when I conceptualize the role of the car as a medium that facilitates a 
dialogue between the city and the commuter’s preferences.  
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7.9 Limitation	
AutoRoute demonstrated a great potential as an interactive way to reframe future commuting 
experiences by tapping into the unique potentials of autonomous driving. The proof-of-concept 
prototype aims to investigate a possible scenario by providing an inspiring vision of commuting 
in fully-autonomous cars. Since I can only speculate on the future of commuting, I limited the 
findings to rather general design sensitivities to provide future automotive designers an angle 
to discuss and evaluate their designs. The AutoRoute prototype provided a glance of a possible 
future of commuting experience. It makes the commuting experience unique, not by providing 
an alternative non-driving activity, but by augmenting and leveraging the given elements of 
commuting and autonomous driving.  
As a navigation interface it is actually a constructive part of the car’s driving process by 
facilitating a relationship with the car, the situation and the locations. In the event that 
commuting in fully-autonomous cars becomes reality, the new spare time in the car will likely 
be filled by work or solitary entertainment. AutoRoute shows an alternative future in which 
commuting and car-based transportation becomes a pleasurable activity in itself. I believe that 
AutoRoute and the suggested design sensitivities may help to make autonomous driving a self-
determined and empowering activity. Nevertheless, the presented proof-of-concept prototype 
is an experimental design artifact with many design and technical challenges untouched. In 
particular, the question of a shelf-life needs to be addressed in future design research.  
As an explorative study, I investigated the experience of AutoRoute by conducting an in-situ 
user study based on ten real-world commuters. Thereby, I simulated a possible future of 
commuting by transporting the user with a WOZ autonomous car. This approach limits the 
validation of the autonomous driving experience. Making the participants believe that this is an 
autonomous vehicle also relies on the participant’s ability to imagine such a future situation 
that they never experienced before. Subsequently, most participants reported that they were 
aware of the human driver during the study. However, they also reported unanimously that the 
isolation of the driver changed the experience, as it enabled them to focus on the app and the 
environment, as well as providing a feeling of privacy. The participants reported that they felt 
very safe and relaxed during the whole study. I assume that the everyday use of autonomous 
technology will establish a similar trust in the automated driving technology in comparison to 
the capabilities of a human driver. The most important issue was to create a feeling of privacy 
and this was achieved by the driver isolation in this WOZ autonomous car. 
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7.10 Summary	
This chapter presents AutoRoute, an application for future commuters that uses the potential of 
fully-autonomous driving to make commuting a pleasurable and explorative activity. As an 
artefact, AutoRoute contributes to an understanding of the future commuting context in the form 
of a demo-able experience of a desired future commuting experience. I investigated the impact 
of AutoRoute on ten Melbourne-based commuters by an in-situ user study realized by a WOZ 
autonomous car. From the findings of the user study I discussed three starting points that 
crucially framed the experience of AutoRoute and will help direct future design activities. 
AutoRoute articulates a future vision of commuting that may initiate a discussion on future 
autonomous driving experiences beyond the instrumental perspective of car usage. The 
participants were enthusiastic about using AutoRoute and I hope that this concept will inspire 
future works in this field. 
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	8	
Reflection	
This chapter reflects on the three AutoPlay prototypes as design artefacts, relates them to the 
findings of the user studies and discusses them in the context of three research questions. 
The three prototypes are the tangible and demo-able answer of the first research question, i.e. 
the articulation of design interventions as tangible prototypes (as described in the three previous 
chapters). Reflecting on them as gameful artefacts, I highlight how the game challenges and 
defines the impact on the user experience, as well as how the artefact’s core mechanics resulted 
in the user’s playful exploration of the driving context.   
Furthermore, this chapter summarises the answers of the second research question being the 
exploration of design possibilities of autonomous driving for a pleasurable driving experience. 
In doing so, I articulate three motivational affordances of autonomous driving. These 
motivational affordances are crucial for understanding the experiential potential of autonomous 
driving and constitute a first framing of an experience-based design space for non-driving 
activities in future autonomous cars.  
Ultimately, I answer the third research question by reflecting on AutoPlay’s design and 
evaluation process. In doing so, I discuss the most influential design and evaluation activities 
of the design process, embed them with related approaches and reflect on them in terms of 
usefulness based on a personal design experience.  
8.1 Autonomous	driving	as	a	game	conflict	
All three artefacts share the same scenario, but differ regarding the interaction systems and 
correspondingly their experiences. In the following, the design of the artefacts, as well as the 
findings from the user studies, are discussed as game conflicts that shape the experience of 
autonomous driving. Besides the obvious differences between non-driving activity and 
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interaction design, the artefacts also differed in the in-car integration of the game system i.e. 
the mapping of car speed and interactions. In order to understand how this integration 
influenced the player experience, I describe the artefacts as systems of conflict and reflect how 
these impacted the autonomous driving experience. Game design scholars suggested to describe 
games as a systems of conflict (Crawford, 1982; Salen & Zimmerman, 2004). The game 
challenge can be understood as a conflict that needs to be solved by submitting to the rules of 
the game. However, conflicts are not only intended and staged constrains that have to be 
overcome to reach the goal of the game. Conflicts can also emerge from the context of playing, 
based on ambiguity and uncertainty of the system. The player can set new challenges based on 
the given rules or even renegotiate the rules of the game. In the case of the AutoPlay prototypes, 
the integration of the traffic situation as the central contextual input in the game system, resulted 
in a variety of novel game conflicts that had a crucial impact on both the driving experience, 
and the playing experience. To understand the connection between game conflict and driving 
experience, I compare the structural design elements of the three prototypes based on (1) the 
core-mechanics, (2) the contextual mapping and (3) it’s transformative play and relate them 
with two central findings of the user studies: (4) the game conflicts and the (5) the 
corresponding experiences. 
Before discussing the connection of these elements, the following section will introduce the 
five central dimensions:  
(1) Core-mechanics: the term core-mechanics describe the basic activity or the set 
basic activities of a game as the interactive core of the player’s experience (Salen 
& Zimmerman, 2004). Games can be based on a single core-mechanic, such as 
the one-dimensional joystick movements of Pong or on a combination of several 
activities such as Baseball, involving as running, batting, throwing and catching 
the ball.  The core-mechanics, translate the game-conflict into a playable 
activity. All three AutoPlay prototypes consist of a combination of two core-
mechanics: exercise and predict (AutoGym), repeat a rhythm and improvise 
(AutoJam), collect and route (AutoRoute).  
(2) Contextual mapping: The core-mechanics of the AutoPlay prototypes were 
controlled by the contextual implementation of the prototypes into the driving 
context. In all three prototypes, the speed of the car (arguably one of the most 
important features of car-based transportation) was the decisive input on which 
the player had to react on. However, the mapping of the speed as an interaction 
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element was fundamentally different. These differences, together with the core-
mechanics of the prototypes, defined the quality of transformative play. 
(3) Transformative play is a special form of play that takes place when play 
(understood as free movement within a more rigid structure) overcomes the 
constraints of the game and transforms into a novel experience. According to 
Salen and Zimmerman (2004), transformative play can occur across many levels 
depending how play is framed. In the context of the explorative studies with the 
AutoPlay prototypes, the transformative play of the participants became of 
particular importance because it enabled new interpretations of the game and the 
driving experience. In the following discussion, I focus on transformative play 
that is based on the driving context as its playable input. In other words, 
transformative play is hereby understood as the result of the contextual mapping 
and the games’ core-mechanics. 
(4) Game conflict/challenge: As mentioned before, each game is a system of 
conflicts and challenges on various levels. Besides the game conflicts that are 
based on the game design, i.e. the rules, our focus of discussion will be on the 
emerging game conflicts and challenges as a result of the participants’ 
transformative play. These conflicts were based on the experience of playing 
within the driving situation and to a lesser degree, defined by the actual structural 
goals of the game. For instance, the designed goal of playing AutoJam was 
mastering the basic rhythms of a given song. However, the freeplay-mode 
exposed the player to engage in creative improvisations. The participants 
reported this confrontation with creative play was the main conflict of the 
AutoJam experience. Moreover, to deal with this emerging conflict of 
improvising in collaboration with the driving speed, participants developed 
strategies to create meaning of playing with traffic.  
(5) Experiences and aesthetics: As a voluntary activity, the player expects a 
pleasurable experience when playing a game. Several characteristics of games 
and play have been suggested to understand the source of pleasure. For example, 
Salen and Zimmerman (2004) mentioned the voluntary submission under the 
rules of the game (i.e. the artificial conflict) as the core pleasure. In other words, 
the attempt of the player to solve an artificial conflict results in a delayed (but 
nevertheless accumulated) gratification after achieving their goal. As described 
in 2.1.4 there are various typologies of categorizing the pleasure of a game or an 
activity in general. In order to compare the experiential impact, I translate the 
most salient experiences reported from the user into three of LeBlanc’s 
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aesthetics (Hunicke, LeBlanc, & Zubek, 2004): Challenge, as the pleasure of 
overcoming an obstacle course. Expression, as a pleasure of self-discovery. 
Discovery, as the pleasure of exploring an uncharted territory. Each of the three 
applications have elements of various forms of pleasures. For example, 
AutoRoute was also described as discovery, but also as expression, because it 
facilitated moments of self-reflection when relating preferences with points-of-
interests. In order to interpret these experiences, it is necessary to aligned them, 
not only with the core-mechanics and the contextual mapping, but also with the 
emerged game conflicts. 
Figure 25 provides an overview of how the three AutoPlay prototypes differ in respect of the 
five discussed categories. The light blue elements represent design characteristics derived from 
the artefacts interaction systems, whereas the darker blue element represents a translation of the 
user study reports into typologies of game experiences. 
 
Figure 25: AutoPlay: Framing game design concepts. 
In the following, I discuss the three AutoPlay prototypes individually based on their central 
conflicts. The focus is hereby to connect the experiential findings with the in-car integration 
and the corresponding impact on the driving experience.  
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8.1.1 AutoGym:	a	play	of	power	
The input of the car’s speed into AutoGym was based on a continuous linear mapping. More 
precisely, the speed of the car was controlling the resistance of the exercise bike ranging from 
minimal resistance when the car was stopped, to a maximum at 40km/h, so that the faster the 
car drives, the bigger the resistance. This continuous linear mapping of speed, enabled the 
participants to play with the games rules based on the players’ strength. The core-mechanic, a 
combination of predict and exercise based on the prediction, became the objective of play. In 
other words, the physical strength of the users allowed them to transform, or at least stretch, the 
core mechanics. Stronger participants were able to turn the exercises despite high resistance. 
Subsequently, the participants had interpreted the AutoGym experiences differently. This 
became particularly obvious in their perception of the car as a competitor, a collaborator or a 
companion. In all interpretations, the speed of the car was the foundational element of the 
game’s conflict i.e. the challenge to overcome. However, depending on the users’ physical 
strength and their willingness to take risks, the participants adapted the strategies for 
overcoming this challenge accordingly. This resulted in three basic configurations as to how 
exertion can be motivated through an implementation into the autonomous driving context (as 
discussed in 5.5).  
To sum up: AutoGym enabled a play with the speed of the car as a composition of the two core-
mechanics: exercise and prediction. Both core-mechanics were skill-based activities whereas 
the linear mapping allowed the player to leverage on one part of the core mechanic based on 
the player’s physical ability and game motivations. Either way, their interaction resulted in an 
experience of mastery. Depending on the interaction focus it was described as mastering the 
power of the car (i.e. as overcoming the car’s speed), mastery over the game (through aligning 
exertion with prediction) or mastery over the traffic (as minimizing exertion through perfect 
predictions of the traffic while progressing in traffic). Despite this varied focus of the three 
interpretations, the connecting element was overcoming the challenges of the driving context 
through a skilful play / activity and therefore a play with and/or against the power of the car.  
8.1.2 AutoJam:	a	freeplay-challenge	
AutoJam has a mixed implementation of speed as an input into the game system. On one hand, 
the speed of the car was a structural element that was controlling the switch between the three 
game-modes based on defined driving phases: idle-phase (drum-mode), 
acceleration/deceleration phase (freeplay-mode) and cruise-phase (song progression-mode). On 
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the other hand, during freeplay-mode, AutoJam had a continuous, linear mapping of car speed 
and pitch of the notes: the faster the car drives, the higher the pitch of the played notes.  
In contrast to AutoGym, which enabled the participants to literally play with the speed of the 
car, the speed mapping of AutoJam was experienced the structural element of the game and, 
during freeplay, as an audible display of the progression through traffic. The structural element 
of the speed mapping was also accentuated by the nature of the two components of the core-
mechanics:  mastering a rhythm in drum-mode and improvising a melody during freeplay. 
Following Caillois’ continuum of play (Caillois, 1961), ranging from ludus (as a structured, 
rule-based form of play) to paidia (as an unstructured and spontaneous form of play), the two 
core-mechanics represented the two opposing ends of the continuum. Whereas the drum-mode 
was a typical skill-based instructive rhythm game, with a clear quantifiable goal, a scoring 
mechanisms and levels, the freeplay-mode required a creative and inventive play, lacking any 
form of quantifiable evaluation criteria (except of a cheering “hoo”-vocal that was triggered 
every time the player hit 20 notes within ten seconds).  Subsequently, AutoJam’s user study 
indicate that the consistent swing between these two polarizing forms of play was experienced 
as one central side-conflict/challenge of the game. At the same time, the switch between the 
game-modes enabled even those participants who did not feel comfortable being creatively 
challenged during freeplay-mode to transform this phase into a meaningful break from the 
drum-mode i.e. the ludic component. For example, as articulated in 6.3, participants started to 
practice drum-pattern during freeplay and used the audible feedback as an indicator for 
evaluating the speed. 
One consequence reflected by the user study results, was the articulation of improvisation 
strategies and identification of the improvisational context of a driving situation. As elaborated 
in 6.3, these improvisation strategies can have a beneficial impact on situational awareness and 
are a constitutional factor in generating a feeling of progressing through traffic. Whereas more 
research is required to investigate the impact of the articulated improvisation strategies on an 
objective quality of situational awareness, the feeling of progression was identified as the 
connecting component of the two core-mechanics. The impact of the two core-mechanics were 
very suitable complementary activities, mirroring the tensions of stop-and-go traffic. Arguing 
with Sheller’s (2004) analysis of car-based emotions, in that the driving context motion and 
emotion are intertwiningly connected. The stop in traffic is not only experienced as a stop of 
travel progression but also an emotional standstill.  By framing stop-and-go traffic as a game 
conflict, the AutoJam concept enabled a game progression only during stop-phases, whereas 
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the go-phases accentuated the emotional aspects of being in motion through aligning 
improvisational and expressive play with the driving context.  
To sum up, the alignment of the core-mechanics as increased ludic play while standing and 
emotional and expressive paidia during driving, was counteracting the emotional deficiencies 
of driving in stop-and-go traffic. The stop phases in traffic showed the greatest potential to serve 
as time for a challenging game progression with intense interactivity. The delayed and 
accumulated gratification during stop phases may then be leveraged by the emotional frame of 
the driving phase, allowing for a flow of freeplay and self-expression. However, from a game 
design perspective, the conflict of a continued swing between a paidia and ludic gameplay was 
very challenging especially for less musically talented participants. Future research on game 
design needs to be conducted in order to integrate the game play of both forms of play as 
proposed in chapter 6.5.  
8.1.3 AutoRoute:	meaningful	decisions		
In contrast to the other two approaches, the speed implementation of AutoRoute was exclusively 
structural: the car’s speed was controlling the access to the two core-mechanics of liking tags 
and routing POIs. This binary implementation of the stop and go rhythm translated the 
experience of the driving onto a higher level: a shift from play of driving to a play of the journey. 
In other words, the speed of the car was not a playful basis of the user’s interactions. The 
uncertainty of the stop and go rhythms became the playful frame for interactions with the 
system targeting the journey as the content. Instead of connecting the player with driving 
dynamics such as in AutoJam and AutoGym, AutoRoute’s binary implementation connected the 
player to the individual journey i.e. the structure of the journey became the playable input.  
This alignment with stop-and-go phases of the car were described as intuitively, a natural way 
of structuring the in-car interactions. In contrast to AutoJam, the connection between the stop 
and go gameplay was a major challenge, AutoRoute’s binding element of the stop and go phases 
were the content produced by the two core-mechanics: the selection of tags during the driving 
phase were the basis for the routing interactions of the stop phase. This content-based 
connection merged the stop and go phases into one interactive experience. It seemed as if the 
awareness of traffic had been replaced by an awareness of surrounding opportunities of driving. 
Interestingly, even though the interactions of the core-mechanics were controlled by the driving 
scenario and provided only a very limited degree of interactive play, the study participants came 
up with a variety of playful strategies that reinterpreted or adapted the concept of AutoRoute. 
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For example, the limitation that only five tags can be collected during a driving phase inspired 
participants to focus on collections of curious or playful combinations of tags in order to be 
surprized at what POIs will be suggested when the car stopped. Furthermore, one participant 
described the collection of tags as a kind of brainstorming-session that explores curiosities of 
the city. AutoRoute showed that despite interactive constraints and the uncertainty of traffic 
progression, users started to engage in playful activities as long as the content of the activity 
leveraged a fulfilling experience such as curiosity or exploration.   
Ultimately, the seamless integration of the AutoRoute study into the participants’ day structure, 
motivated participants to engage in a discourse of utility and future daily usage of the AutoRoute 
application. The results of the user study show that AutoRoute motivated a user’s reflection of 
their current commuting routine. In doing so, it was literally upgrading the commuting practice 
from a daily hassle (that needed to be endured) to a meaningful and playful activity. It is very 
likely that this new perspective on their own commute, resulted in the rich articulation of future 
use cases of the AutoRoute application, based on their individual commuting activity. 
Subsequently, the users described the central challenge, i.e. the game conflict, as making 
spontaneous decisions by connecting surrounding points-of-interests and the reflection with 
current preferences and practices.   
8.2 Unfolding	Motivational	Affordances		
So far, the three AutoPlay artefacts have been discussed from a game experience perspective. 
The following section drifts away from the artefacts as games and discusses their potential to 
make autonomous driving a tangible, pleasurable experience in itself. Whereas the discussion 
of the three prototypes as game conflicts focussed on the question, what meaningful experiences 
are possible in a future autonomous driving situation (i.e. research question #1), the focus of 
the following, answers research question #2: how to leverage the unique potential of 
autonomous driving. In doing so, I propose three motivational affordances of autonomous 
driving as fundamental corner stones for leveraging this future potential. This chapter is based 
on the book chapter “AutoPlay: Unfolding Motivational Affordances of Autonomous Driving” 
(Krome, Holopainen, & Greuter, 2017). 
The concept of affordance was coined by the ecological psychologist J. J. Gibson (2014). 
According to Gibson, an affordance is a physical property of the environment that describes an 
action possibility between an organism and its environment. Donald Norman introduced the 
concept of affordance into design and particular HCI and distinguishes affordances into 
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perceived and actual properties of an object (Norman, 2013). A perceived affordance need not 
necessarily be an actual affordance and vice versa, an actual affordance can be obscured. In 
other words, an affordance can be available in the environment independently if the actor 
perceives the affordance as such.  
In recent years, researchers situated the notion of affordance with theories of motivation and 
behavioural change. For instance, Zhang suggests ten design principles for motivational 
affordance (Zhang, 2008). Zhang understands motivational affordance as perceived properties 
of an object that determine whether and how it can support one’s motivational needs. An 
interaction system has high motivational affordance if its use fulfils a basic psychological need. 
These basic psychological needs are propagated by self-determination theory and contain 
constructs like autonomy, competency and self-actualization (Hassenzahl, 2010; Ryan & Deci, 
2000).  
In accordance with Zhang’s suggestions, motivational affordances of autonomous driving are 
those properties of the driving situation that (are sometimes hidden) can transform the driving 
into a need fulfilling experience. As traditional driving, that can be a satisfying and pleasurable 
activity, the autonomous driving situation becomes a satisfying activity by itself. From the 
reflection on the designs and the learnings from the user studies, I articulate three motivational 
affordances that became tangible through playing the three AutoPlay prototypes: (1) drivability 
that affords a feeling of control over the car, (2) performability affords self-expression and (3) 
explorability that affords a feeling of independency and autonomy of the driver.  
Figure 26 shows the three identified motivational affordances of autonomous driving in the 
context of game and driving experiences and the corresponding design focus of the prototype. 
The arrows indicate that the implementation of the non-driving activities (i.e. the games) into 
the driving context, made the motivational affordances tangible through the interactions with 
the prototype. Similarly, the driving context was the foundational element of the artefacts. Only 
through the movement and progression of the car in traffic, the interaction of the AutoPlay apps 
could be realized. In other words, through the articulation of a motivational affordance, the 
context of autonomous driving constituted the pleasurable and interactive experience with the 
prototypes. Hence, the tangibility of the motivational affordances required the alignment of 
game and driving experience.  
8	Reflection	 	 Unfolding	Motivational	Affordances	
 
123 
 
 
Figure 26: Motivational affordances of Autonomous Driving 
Even though the three prototypes share a similar driving scenario, i.e. routine trips in a fully 
autonomous vehicle, the user studies show that they trigger a fundamentally different 
transportation experience. Reflecting on the conceptual design of the three prototypes in the 
context of the results from the user studies, I identified a strong connection between the 
experience of the player and the motivational affordances of driving. Driving a car can be 
motivated by much more than just instrumental reasons of going efficiently from one place to 
another. Also, affective and symbolic motives such as competency, thrill, status, and a feeling 
of independency are important values of driving (Steg, 2005). These hedonic values of driving 
seem to be obscured by driving automation promoting a decoupling of driver and car. By 
implementing non-driving activities into the context of autonomous driving, the AutoPlay 
prototypes help to articulate some of the hedonic values of driving. In the following, I present 
a generalized concept of motivational affordances that transformed autonomous driving into a 
pleasurable interactive experience with a purpose in itself.  
8.2.1 Drivability	as	a	play	of	control	
In traditional human driven cars, drivability is arguably one of the most important motivational 
affordances. The operation of driving requires skill and a direct connection between the car and 
driver in order to establish a feeling of control over the situation. This drivability of a car affords 
a feeling of mastery and control over the situation. In the context of autonomous driving, 
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drivability as a motivational affordance, requires a new interactive basis other than the operation 
of the vehicle to generate a feeling of control.  
In autonomous driving research, control and trust as a UX challenge has gained a lot of 
attention. So far, most approaches try to translate cues of the driving situation in audible, visual 
or tactile stimuli with the goal to afford a feeling of orientation and control such as (Beattie et 
al., 2013; Koo et al., 2015). In contrast, AutoGym promotes drivability in an interactive way. 
The player can actively exert control over the car mediated by playful competition with the 
power of the car or the ambiguity of traffic.  
The results from the AutoGym user study show that depending on game design and the physical 
condition of the player, a feeling of control over the situation can be generated in several ways: 
as an understanding of traffic (car as collaborator), as play with the cars behaviour (car as 
companion) or as an overcoming of the power of the car (car as competitor). Even though all 
interpretations could possibly be designed without exertion as the base activity, the traffic 
context turned out to be a very stimulating frame for exercises.  
All three lenses resulted from in different evaluations of the user’s perceived control. Seen as a 
competitor, the user’s challenge was mainly to gain control over the power of the car. Being 
challenged by the car (i.e. the car as competitor) resulted in a substitution of the driving task. 
The player was able to control the car by out powering it. Interpreting the car as a collaborator, 
the participant gained a feeling of control by steering the car through successful predictions and 
understanding traffic. Lastly, the participants could exert control over the game, establishing an 
experience of companionship with the car. Car and passenger share the workload and progress 
together. Depending on the individual interpretations, the feeling of control ranged from a 
physical experience of the car, mastery over the game or an understanding of the traffic.  
The three implementation strategies of exertion imply that the feeling of gaining control in an 
autonomous driving situation can be facilitated through exploiting the tensions between the 
power of the car and the articulation of their own strength. Exertion and exercises are a direct 
expression of the players’ power and therefore a very promising activity for a play with power. 
8.2.2 Performability	as	a	play	of	progression	and	self-expression	
Car ownership has always been motivated by symbolic values; be it as status symbol or lifestyle 
object. Driving a car can also be seen as a performance in itself; as an embodiment of the car 
design. In that way, driving resembles a performance, not only to demonstrate the car values 
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and power but also to express personality. Moreover, traffic is a genuine social situation even 
though road users often ignore each other when standing side by side. With autonomous driving, 
new non-driving activities become possible. These activities may challenge the private/public 
context of traffic situations. As long as it is not possible to transform the car into a completely 
private space, there will always be opportunities to translate self-expression from car design 
and driving styles into an interactive performance. As performability, I understand the 
interaction possibilities that affords self-expression and creative play within the situation. The 
goal of performability is to reframe the situation into a new experience. In the case of AutoJam, 
the frustration of stop-and-go traffic was reframed into a creative experience of progressing 
through traffic. Of course, the performance factor of AutoJam was exaggerated by the eye-
catching setup of the flashy second steering wheel on the passenger side. Even though some 
participants were actively seeking the attention from other road users (making it a performance 
with a public audience), most of the AutoJam participants focussed on their performance while 
passing through traffic.  
The AutoJam performance was constituted by a dialectic of rule-based play and free 
improvisational play. Even though participants reported a similarity of the AutoJam play with 
a traditional driving activity, the internal structure was contrary to traditional traffic 
experiences. The engaging game challenges during the stop-phases, prepared an interactive 
matching of creativity and improvisation during the go-phases. The performance was based on 
the experience of progression in music, the game and traffic. The most intensive activity was 
required when the car was standing and only when the car stood still, the player could progress 
in the game. However, the progression in the music i.e. in the song, was connected to the 
progression in traffic. In fact, during drum-mode, i.e. when the car was stopped, the player was 
confronted with only a one-bar drum loop from the song. However, this single drum loop 
required a high game performance. AutoJam reframed traffic through changing the alignment: 
the player was literally driving music [sic!] and performing progression.  
As AutoJam has demonstrated: the interactive possibilities of autonomous driving can provide 
a large set of non-driving activities that will actively help to reframe the traffic as a context for 
in-car performances that translate motion into emotion (Sheller, 2004). The social context of 
traffic might become more important for that context and there are already several research 
projects that have aimed at the roads becoming a social place (Juhlin, 2010). In future cars, with 
more interactive possibilities of the driver and an advanced car-to-x communication, in-car 
performances would benefit from this new social frame for games, social media or creative 
interactions.  
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8.2.3 	Explorability:	a	play	of	self-reflection	and	surrounding	
Driving and car ownership has always been associated with independency and the freedom to 
spontaneously change route, stop or explore and discover new places and locations. Even 
though car trips in general, are routine-based or destination-focused, the possibility to make an 
instant and spontaneous change (of route or destination) is literally in the hands of the driver. 
In the context of traditional cars, this innate quality of driving affords a feeling of independency 
and has a close relationship to being in control i.e. drivability.  
In a future of fully autonomous driving, in which the car passenger simply needs to enter the 
destination to get there, independency and subsequently the feeling of autonomy, seems to 
become obsolete qualities. However, as the experience of AutoRoute demonstrated, the 
alignment of preferences with surrounding points-of-interests of the trip, enabled a feeling of 
autonomy and independency as a function of self-reflection and exploration. This explorability 
redefines navigation with autonomous cars as a spontaneous activity. Subsequently, installing 
explorability into an autonomous driving interface affords the fulfilment of independency, 
autonomy and associated feelings.  
AutoRoute implements explorability through a reflection of own preferences in relation to 
things the world has to offer. By embedding explorability into an everyday frame such as 
commuting, together with the implementation of a timeframe for the activity, AutoRoute 
provided a sandbox for exploration. The interactive setup of AutoRoute promoted spontaneous 
interactions (addressing the car) by making options available that are based on the driving 
context. This implementation as a driving-feature translated self-reflection into an experience 
of navigating the car and most importantly it affords a feeling of independency and autonomy.  
Relieved from operational control of the driving, the autonomous driving situation can become 
a genuine place for self-reflection. As the AutoRoute artefact pointed out, self-reflection does 
not necessarily needs to be a contemplative or introverted activity. It can also be a fun, 
interactive and explorative act of aligning preferences and instant desires with the external 
stimuli of a moving environment. Whereas the car-based exploration of real surroundings is 
spatially limited, the augmentation of the exploration activity by virtual content is theoretically 
unlimited. As argued in 7.4.3, the facilitators for exploration (of augmented realities) are a 
meaningful connection of virtual content with real-world location and particularly the 
sandboxing of car and travel time. The AutoRoute prototype realized a sandboxing of 
exploration by an unobtrusive, yet very consequential feature that was the limitation of the 
overall travel time by an initial time budget. This constraining element enabled the participant 
8	Reflection	 	 Design	and	Evaluation	Process	
 
127 
 
to engage in new experiences.  Experiences that are not guided by intentional search but by 
being exposed to the unfiltered realities of the surroundings. This transformed the environment 
into a playground for exploration by self-reflection of true preferences and desires.  
8.3 Design	and	Evaluation	Process	
In this section, I discuss three central design and evaluation activities during the AutoPlay 
prototyping and evolution process. Whereas the application of these design and evaluation 
activities are described in corresponding chapters, the following reflection focusses on research 
question #3: what design activities best suits a contextual exploration of the autonomous driving 
situation. In doing so, I discuss background and development of the three activities and reflect 
their contextual qualities as the designer of the AutoPlay artefacts. 
8.3.1 Car-Storming:	A	Traffic-based	Ideation	Method		
The Car-Storming sessions were a series of contextual ideation activities initiated by the need 
to develop a personal understanding of the target situation and motivate an ideation process 
through exposure to the context. All sessions took place in Melbourne’s rush-hour evening 
traffic with varied configurations of game designers, architects and computer scientists. The 
participants had been selected by convenient sampling from neighbouring research facilities.  
The starting point for engaging in Car-Storming sessions was to get a personal feeling for 
everyday car-based commuting in Melbourne. This was particularly necessary because my 
usual commute to work was by motorbike or bicycle. In the first individual sessions, I was 
aiming to observe my own emotions and activities while in rush-hour traffic, in addition to 
collecting clues to what other car drivers do when stuck in traffic. Even though these activities 
enabled me to get a feeling for the situation, the results were not very resourceful. Particularly 
difficult was the documentation of my thoughts while being occupied with driving. However, 
the personal expose and the reflection of the situation, indicated that the rhythm of stop-and-go 
traffic as well as the spatial constraints of the car, may be a good contextual frame for a more 
systematic brainstorming/ideating exercise. 
After reflecting on those individual sessions, I started to prepare prototyping and documentation 
material in order to conduct more a structured car-based brainstorming session with colleagues. 
In the first ideation challenge, I asked to ideate games that use the context of driving as a fun 
input. The participants were briefed to ideate on contextual features when the car stood still and 
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discuss their ideas with other participants while the car was driven. After the session, I collected 
the materials for lab-based reviewing. Whereas one central theme of this first Car-Storming 
session was on multi-player games, I also ideated how non-driving activities such as exertion-
games can be a meaningful substitute for the driving task. To narrow down the ideation, I 
provided a clearer briefing and included a complete audio recording in the following Car-
Stormings. In addition, each of the following sessions were based on a set of hardware interfaces 
for further exploration, such as a manually operated exercise bike that became the core interface 
of AutoGym or a Bob-it toy (Hasbro, 2016) as precursor and inspiration of the first AutoJam 
prototype.  
In the case of AutoGym and AutoJam, the interaction with the hardware became the 
constitutional source of pleasure. The Car-Storming sessions with the interfaces at hand enabled 
a direct and fast alignment of ideas and situational context. Especially, the review of the audio-
recordings in the lab provided a good input for resolving conceptual design challenges. For 
example, the first concept of AutoGym was a paddling competition between car drivers standing 
at a red light. A lab-based rethinking of the idea required a more integrated and single-player 
solution, such as a connection of speed and resistance. This early concept was then extended 
with elements that had fallen short during the ideation phases based on in-car testing and focus 
groups until reaching the final stage.  
Whereas the Car-Storming sessions during the design of the AutoGym prototype were of a 
rather explorative nature, they became a very productive and resourceful instrument in the 
design of the AutoJam prototype. This was particularly the case because I predefined the 
starting point of AutoJam as a music game played on an inactivated steering wheel.  To ideate 
the concepts for such a game, I mounted a second steering wheel on the passenger side and 
conducted a series of car-brainstorming sessions with various configurations of participants and 
driving scenarios. Figure 27 shows one of the earliest setups, in which I prototyped musical 
interactions on the steering wheel beyond just tapping a rhythm. The stickers represent various 
forms of contextual interaction like swiping, scratching and tapping.  
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Figure 27: AutoJam: Car Storming setup 
In hindsight, the AutoJam prototype was particularly suitable for a Car-Storming session due 
to two obvious reasons. On one hand, music as the game content was easy to simulate during 
the car storming’s. The sounds could be immediately vocalized and drumming could be 
performed directly on the steering wheel. On the other hand, the steering wheel was a very 
prominent and very accessible element of the design space, ideal for mutual ideation activities. 
This made it very easy to assess and envision possible manipulations. Ultimately, the car’s 
steering wheel was already subject to rhythmic and musical interactions which made it easy and 
natural to come up with contextual musical interaction systems. 
Whereas the car storming sessions were a very fruitful design activity for AutoGym and 
AutoJam, they were of lesser impact in the design process of AutoRoute. My explanation is that 
the ideation in context, promotes the design of a strong core-mechanic. A core-mechanic that 
is fun in itself, such as playing music or (to a lesser degree) exertion. In both AutoGym and 
AutoJam, the core-mechanic was a direct result of the car storming and source of a pleasurable 
interaction. In contrast to this, the focus of AutoRoute was on experiencing the context of 
commuting and as such does not facilitate the immediate pleasure of an embodied interaction. 
Subsequently, the most fundamental influence on the AutoRoute ideation and design process 
were the findings of the contextual inquiry (Chapter 4) in connection to issues identified from 
literature reviews as well as elements of personal commuting experiences. In other words, rather 
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than a contextual ideation, the design of AutoRoute was based on problem definition and an 
autobiographical design intention. 
To conclude, the design of AutoGym and AutoJam demonstrated that Car-Storming sessions 
are very suitable for ideating interaction systems for core-mechanics that are a pleasure in itself 
and not means to another purpose. Research in body-based games concluded similar results 
about body-storming and other contextual brainstorming methods (Segura, Waern, Moen, & 
Johansson, 2013). However, as the design experience with AutoRoute showed, Car-Storming, 
as a contextual ideation instrument, is not very well suited for interaction systems that are 
intended for a secondary purpose. The experiential context of AutoRoute, is not the immediate 
driving situation but the transportation and exploration of the surroundings which falls short 
when relying on Car-Storming as the only ideation method.    
8.3.2 In-Car	Performance:	Make	play	from	a	game	
One implicit design assumption of AutoJam was that interacting with your favourite music in 
concert with your car would be a pleasurable experience. More precisely, the assumption was 
that the players will be intrinsically motivated to explore all types of harmonic combinations or 
musical patterns, if there is a musically pleasing connection between the pitch of the note and 
the speed of the car. This motivational aspect, i.e. leveraging creativity through curiosity, was 
reported by most participants of AutoJam’s user study. However, the motivation to explore and 
play with the connection between speed and music wore off after a while so that the participants 
needed creativity or inventiveness in order to engage in AutoJam’s improvisation (compare 
improvisation strategies in 6.3). Being creative was described as one major game challenge in 
the AutoJam study. The user studies made clear that the improvisation task of AutoJam, as a 
novel form of musical play based on collaboration between car-speed and driver, required 
practice and a player’s talent for musical expressiveness. It became obvious that only a trained 
and experienced musician might be able to tap into the full potential of AutoJam as a new 
collaborative musical interface.  
In recent years, expressive music and art performances became an increasingly important 
method for investigating the aesthetical, ethical or expressive factors of an artefact (Höök, 
Sengers, & Andersson, 2003; Koskinen et al., 2011; Leavy, 2015). In the NIME (New Interfaces 
for Musical Expression) community, for example, an expressive on-stage performance is a de-
facto requirement for showcasing a novel musical interface. A staged performance does not 
only provide insight to the aesthetic and expressive qualities of the intersection between 
artist/performer and interface, it also pushes the creative potential of artefacts to its limits. This 
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creative limit would unlikely be reached by a test with a novice user. Even though the research 
findings from art or musical performances are very subjective, I assumed that a professional 
and trained musician possesses the creative sensibility to showcase an unconventional way to 
creatively engage with traffic / car speed based on musical expression. In order to explore the 
full potential of this novel musical interface, I invited two trained musicians to investigate the 
setup and perform a musical piece in the context of traffic.  
In contrast to the user studies, the two musicians, Josh and Ben, were invited to adapt the game 
system and musical content to match their creative needs and inspirations. The focus of the 
performance was to be the integration of the speed of the car as a creative and collaborating 
element. After the setup and practicing phase, the musicians performed for about 15-20 minutes 
in the car. The traffic situation was comparable with the test of the user studies.  The two 
performances were video recorded, as seen in Figure 28, and afterwards we discussed the 
performance focussing on the collaboration with the traffic as well as the aesthetics of the 
musical performance. 
 
Figure 28: In-traffic Music performance 
Both musicians played the AutoJam setup to match their musical aesthetics. Ben is a classically 
trained, professional contrabass musician experienced in playing in orchestras and bands and 
Josh is an electronic music artist experimenting with musical expression on the fringes of 
musical possibilities. To play without interruptions, I deactivated AutoJam’s game mechanics 
(i.e. the levelling and scoring). Whereas Ben kept the switch between drum and melody mode, 
Josh played the solo instrument without background and drum elements allowing him to play 
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the improvisation synth in a very deep pitch while the car was standing. Josh’s setup, was 
basically a single instrument played in collaboration with the cars speed. Ben’s setup was a 
focus on the background song as musical content, enabling him to interact with the structure of 
the song, performing conductor-like improvisations.  
One surprising insight of the in-car performances was that strict control over the music system 
(in particular the pitch of the notes) is no requirement for self-expression through a musical 
performance. In other words, despite the musicians not being able to control the pitch of the 
notes (usually regarded as one of the most important aspects of playing music), the setup 
provided enough room for self-expression and musical creativity. This is in contrast to the 
interviews from the user studies where some participants said they wanted more control over 
the music. However, there seem to be a connection between musical control and the 
interpretation of the artefact. The more control over the music creation, the more it is 
experienced as a musical instrument (that requires skill and practice) and the lesser it is as an 
interactive musical entertainment. Josh described the performance as if the car was the 
instrument that he was playing. In order to extend the musical expressiveness, he would use the 
car’s speed as modulator for different types of music control while he was expressing himself 
through rhythmic patterns. On the other hand, the lesser the control over the player’s input, the 
higher the quality of the music needs to be and the aesthetic integration of player’s interactions 
with the song. For Ben, the improvisational quality was an integration-activity aligning 
background-music with the pitch of his notes controlled by the speed. He described the 
improvisation activity as a mediator between the speed of the car and the background-music. 
Only during the stop phases was he able to truly express himself through playing rhythms with 
drum-mode. In summary, the performances showed two tendencies for redesigning AutoJam’s 
core-mechanics. The car as a dynamic instrument and the other, the player as a mediator 
between background-music and the speed of the car.  
Besides providing a musical exploration of the potential of AutoJam, the findings of the in-car 
performance showed the bandwidth of future trajectories of designing in-car music interactions: 
be it as a musical instrument or an interactive music player. Even though the findings did not 
translate into concrete design strategies, they articulated a future potential of what is possible. 
More importantly, the in-car performances enabled an isolated play of the core-mechanics on 
which the gameplay of the AutoJam system relies. With deactivated the background tracks, 
Josh performance was a consistent rhythmic pattern based on the speed, whereas Ben’s play 
was intense and rhythmic during the drum-mode, but very adaptive and sensitive in the driving 
phases when the background-tracks kicked in. This isolation and play of the core-mechanics 
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required highly motivated and skilled performers in order to point out the essentials. In other 
words, staged in-car performances proved to be an inspiring way to study the potential of a 
game’s core-mechanics by liberating them from the game context. They piloted how 
professional and expressive play can articulate new perspectives within a rigid game system. 
Since the in-car performances were conducted after starting the user studies with AutoJam, the 
results were not translated into its design. Future research is required to investigate how and 
when to make the game’s core-mechanics and its expressive potential, the content of a creative 
or staged artistic performance.  
8.3.3 Simulating	Autonomous	Driving		
The question how to design and conduct user studies for a technology that is not yet available 
was one of the major challenges for a contextual design and evaluation process of autonomous 
driving experiences. One way to make up for the lack of expensive technology is to imagine 
and simulate the context of future autonomous driving. In doing so, I adapted three approaches 
for testing the artefacts: (1) conduct the test in a driving simulator, (2) exchange the driving 
experience to a passenger experience or (3) simulate the experience through a Wizard-of-Oz 
setup. Table 9 provides an overview of these three approaches and how they were executed 
during the main user studies of the three prototypes. In the following, the pros and cons of the 
three approaches are discussed with a focus on suitability and fidelity for testing the three 
prototypes. 
Table 9. Overview of simulation methods of AutoPlay user studies 
Simulation approach  Prototype Integration N  
(1) Driving Simulator AutoGym In-lab / video based 28 
(2) Participant as co-driver AutoJam Single-drive in city traffic 14 
(3) WOZ autonomous car AutoRoute 
 
Regular work & home commute 10 
(1)	Lab-based	driving	simulators	
The design and development of the AutoPlay prototypes required the development of a variety 
of lab driving simulator setups for quick playtesting. All of them were based on self-recorded 
traffic videos that were running in sync with a corresponding speed data. When the traffic 
videos were recorded, I also tracked the speed of the car based on the car’s OBD-II interface. 
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The speed data of the car was saved as a text-file. These speed-files were parsed in sync with 
the traffic video within the driving simulator. During the development phase, I used those basic 
desktop-setups for all three prototypes because they were easy to setup and did not require 
external hardware. 
These desktop-based simulator setups were also used during design-based focus groups for 
playtesting and discussing the prototypes. These setups enabled the participants to get a feeling 
for the game mechanics and more importantly, it allowed the participants to play the game with 
a group or an audience. The social dynamic of group play would be difficult to realize in a car 
or a more advanced driving simulator. Figure 29 show the desktop driving simulators for 
AutoGym and AutoJam.  
 
Figure 29: Desktop simulators of AutoJam and AutoGym 
 The main AutoGym user study was also conducted in a lab-based driving simulator. Instead of 
using desktop-setup, the AutoGym study took place in an enclosed space, that was separated by 
room dividers, to enable a more immersive experience. The sitting position was very close to a 
46” TV screen which was running the traffic video. Figure 30 shows the simulator setup from 
the participants point-of view.  
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Figure 30: Lab-based driving Simulator of AutoGym study 
In ergonomics and human-factors research, driving simulators are an essential research tool for 
a large variety of questions. Depending on the research question, researchers have suggested 
driving simulators with varied fidelity. These are of importance to standardise the experiments 
and process a large number of participants in a safe environment. However, for experience 
research, the usage of driving simulators can be critical. The experiential results, even of high-
fidelity driving simulators, cannot easily be transferred to a real-driving scenario. For example, 
experience factors such as trust in driving technology or feelings of control and safety are 
exceedingly influenced by the simulation situation (Ive, 2014). Nevertheless, driving simulators 
can help to isolate specific features of the driving situation and trigger corresponding 
experiences in a much more controlled environment, than in-situ or field studies.  
In the AutoGym study I wanted to simulate a future routine-based autonomous driving situation. 
In this situation, transitional experience factors of autonomous driving such as trust into 
technology could be neglected. The goal of the study was to explore the impact of using traffic 
as an input in an exertion game. Even though essential features were missing, such as engine 
sound and the car’s movements, many participants reported they were able to clearly imagine 
the presence of the car very well. Moreover, they referred to the car as an experiential role in 
the game system; be it as a competitor or a collaborator. This prominent role of the car could 
be a result of using a traffic video instead of using a virtual traffic simulation. 
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(2)	Passenger	Experience	
Another way of simulating higher level autonomous driving can be done through a front-seat 
passenger experience in actual traffic. Especially when investigating future routine usage of 
autonomous driving, i.e. a scenario that is integrated into the daily life of the users/inactive 
drivers such as commuting, this approach offers many opportunities. As mentioned before, after 
a transition phase in which the drivers familiarized with the new transportation situation, it will 
be very likely that he or she developed adequate trust in the system. This trust might be very 
similar to a situation of being chauffeured by a professional human driver.  
Based on this assumption, I conducted two studies that were investigating autonomous driving 
as a front-seat passenger experience: the contextual inquiry of car-based commuter (Chapter 4) 
and the AutoJam user study (Chapter 6). Even though both studies had a different context, as 
well as a different research questions, the communicative setup of this the front-seat passenger 
setup helped to build a trustful relationship between researcher and chauffeured participant. 
A trustful relationship between researcher and participant was a crucial prerequisite for 
successfully conducting research such as a contextual inquiry of the car-based commute (as 
reported in 5.1). By framing the commuter study as a private transportation service, the relief 
from driving enabled the participants to focus on the narration of their commute while still 
being in their usual context. Furthermore, by participating in the study the participant had to 
entrust the researcher not only with the driving control but also with control over their commute. 
This transfer of control established a bond between participant and researcher that resulted in 
the participant’s motivation and collaboration during the study. 
The AutoJam study was also an interplay between participant, the gameplay and the researcher. 
By mounting the steering wheel with the AutoJam prototype on the passenger side, the setup 
visually resembled a situation of being in the driver seat. In the same way, the presence of the 
researcher was a motivator for interacting with the game, enabling instant questions and 
comments. The researcher became part of the participant’s performance not only as the 
audience, but also by controlling the speed of the car i.e. the pitch of the notes. For me 
personally, as designer of the prototype and driver of the vehicle, it required a lot of discipline 
not to start grooving with participants or driving in a particular dynamic in order to increase the 
impact. Due to the steering wheel setup and also the immersion into the game, the driving 
scenario was not just a passenger experience but became also a creative, collaborative system 
of traffic situations, game, player and to a slight degree the driver.  
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Even though the in-car presence of a researcher had a positive effect on the participants’ 
willingness to contribute, as well as his or her engagement to be creative, it had a more complex 
impact on the feeling of being in an autonomous car. Whereas in the contextual inquiry study 
participants reported being constantly aware of the human driver since the driver was also 
conducting the interview, most of the AutoJam participants reported that they were not thinking 
about who was driving, because they were too focussed on the game.  In other words, the 
contextual inquiry was a typical passenger experience, whereas AutoJam was mostly a 
game/music experience with traffic as input. This of course, allowed only very limited 
conclusions regarding the experience of a future autonomous driving situation. However, the 
impact of autonomous driving was not the primary research question in both studies. The 
contextual inquiry investigated the contexts of future commuting in which the passenger 
experience was a fruitful way of stimulating the participants’ cooperation whereas the AutoJam 
study aimed to investigate how creative musical interaction will reframe frustrating traffic 
experiences. 
To sum up, studying autonomous driving as a passenger experience is simplistic and requires 
further consideration to be a valid research method. However, when studying a defined context 
of autonomous driving or exploring contextual player engagement in an autonomous driving 
scenario, the passenger experience can be a very useful method, particularly in research 
methods requiring an integration of researcher as a motivational or trusted facilitator of the 
study. 
(3)	Wizard-of-Oz	driving	setup	
In HCI and interaction design Wizard-of-Oz (WOZ) methods, play a central role for rapid 
testing and prototyping of interaction systems. Instead of wasting resources to build a functional 
prototype, the functions of the interaction system are simulated by an interaction wizard. The 
interaction wizard is an agent (usually a researcher hidden from the participants) who manually 
emulates the systems behaviour (Dahlbick & Ahrenberg, 1993).  
In the context of autonomous driving, WOZ setups have been used to make up for the 
unavailability of autonomous cars. For example, Baltodano et al. have explored and prototyped 
several setups of real-road and simulator based WOZ setups, with the goal to conduct the 
experiential impact of autonomous driving (Baltodano et al., 2015). Figure 31 shows the WOZ 
setup that was used to explore the impact of AutoRoute. As described in 7.3 it consists of a 
single cardboard divider that is mounted between the driver and the front-seat passenger. The 
AutoRoute prototype was running on a tablet pc that was mounted and easily accessible on the 
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passenger’s dashboard. In an upright sitting position, the participant was not able to see the 
driving activity of the researcher.  
 
Figure 31: Wizard-of-Oz setup with AutoRoute 
The WOZ setup of AutoRoute was motivated by pragmatic thinking about creating a driving 
experience different from the discussed standard passenger experience. The goal was to make 
the participant believe that all interactions with AutoRoute were immediately and magically 
fulfilled through the autonomous system. The autonomous system was the driver receiving turn-
by-turn navigation requests based on the participants routing-interactions. In other words, the 
only way to commutate with the driver would be through interacting with AutoRoute.  
Reflecting on the effect of the WOZ setup, the most remarkable finding was that it helped to 
frame the participants’ attitude towards the study. The separator between participant and driver 
brought soundness to the situation. The magic took place through the translation of the 
participants’ interaction into an individual route instructing the driver. Even though the 
participants knew that there was a human driver, they believed that the driver was acting like a 
computer program i.e. following the car’s instructions.  
In addition to serving as a cover for the driving task, the separation of the driver had a 
tremendous impact on the participants’ encounter, making it a very self-reflective and private 
experience. In doing so, it forced the users into a state of reflecting upon the possibilities of the 
city. As a facilitator of reflection, it gave the participants a tool for thinking about their own 
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commuting habits and furthermore, a rethinking of his or her role of living and working in an 
urban environment. This momentum of self-reflection was strongly indicated in the interviews. 
The separation was an enabler of privacy and allowed the deliberation of the situational context. 
From a methodological point of view, the separation had a second, very important impact. It 
prevented the participants from asking questions, or engaging in discussion with the driving 
researcher, about the interaction system. This separation enforced the participant to focus 
exclusively on the AutoRoute experience.  
Facilitating privacy as a context for interacting with AutoRoute was the most influential feature 
of AutoRoute WOZ setup. The encapsulation of the driver was also an encapsulation of the 
participant. The only way that the participant could contribute, was to define and control the 
trip through routing items and influencing the journey. This enabled an indirect control over the 
journey by making the participants believe that they would define an individual route of the 
trip. This indirect control over the car was experienced like feeding a black-box i.e. an 
algorithmic system that calculates the best route and translates them as turn-by-turn instructions 
to the driver.  
From all three discussed autonomous driving simulations, the WOZ setup of AutoRoute was by 
far the most immersive experience, as well as the method integrated most successfully into the 
life of the participants. The encapsulation of the driver, the automated and instant routing and 
particularly the integration of the study into the daily routine of the participants’ commuting 
habit enabled the participants a hands-on demo of a visionary experience of autonomous 
driving. Of course, it has many limitations regarding user experience aspects, such as trust in 
driving technology. However, the WOZ setup was so seamlessly integrated with AutoRoute that 
it pushed the driving experience to a new level of autonomy as a result of self-reflective 
decisions mediated by an autonomous agent. In that way, the AutoRoute WOZ setup was 
enabling the first integrated experience of self-exploration in the context of autonomous 
driving.     
8.4 Summary 
In this chapter, I discussed the three AutoPlay artefacts from two perspectives: as game conflicts 
and as motivational affordances of autonomous driving. Both perspectives highlight a unique 
frame for integrating non-driving activities and interactive entertainment into the context of 
autonomous driving. The reflection of prototypes and findings are proposed as starting points 
for the ideation and integration of novel experiences into the driving context.  
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Furthermore, this chapter summarized and discussed three central activities of the design and 
evaluation process: car storming as a contextual ideation method, in-car performances as an 
investigation of creative possibilities, as well as three approaches to simulate and test designs 
for future autonomous driving scenarios. In doing so, this pragmatic reflection articulated a 
frame of understanding a future design space of autonomous driving though an explorative 
design process of pleasurable non-driving activities.  
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Conclusion	
The AutoPlay prototypes developed an idea of autonomous driving that transforms the driving 
context into a resource for pleasurable non-driving activities. From the reflection of the user 
studies, we learned that each prototype leveraged a motivational affordance of the design space 
of autonomous driving. Through this leverage, the non-driving activities were established as a 
meaningful solution to reframe frustrating traffic situations, to change the monotony of daily 
commuting or to motivate the inactive driver to engage in healthy in-car activities.  
On the other hand, demo-ing of and reflecting on the prototypes themselves enabled a glance 
into the future. The prototypes as an artefact are a physical articulation of transforming driving 
pleasure in autonomous cars into a non-driving activity. From the reflection and comparison of 
the prototypes, we can conclude that there is a large potential for secondary tasks in future 
autonomous cars. Besides the possibilities for gaming and entertainment, the special frame of 
driving also constitutes interesting opportunities for personal health and creative interventions. 
As it turned out, the alignment with the motivational affordances can be an engaging factor for 
a non-driving activity as it represents an embodiment of the driving situation. In doing so, it 
enables a pleasurable compensation for the loss of driving in autonomous cars and as such, 
established the time in the car as a frame for uniquely embodied experiences.  
The prototypes facilitate the imagination of non-driving activities beyond working or traditional 
entertainment. Through using them, the driving situation transformed into a place with unique 
opportunities. It is not just an extension of the living room (a quote attributed to Buckminster-
Fuller) nor is it an extension of the office. The driving situation establishes a frame for unique 
experiences that are only possible in the context of the autonomous car.  
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9.1 Summary	of	Contribution	
Designing and developing three early-stage prototypes for car-based activities resulted in three 
important contributions to help understand and frame the upcoming challenges with designing 
a pleasurable autonomous driving experience. 
9.1.1 AutoPlay	Prototypes	as	Design	Artefacts	
This exegesis presented, explained and critically discussed three working prototypes that 
envision a pleasurable autonomous driving experience. As design artefacts, the prototypes are 
video documented and accessible online for further references. Additionally, the concept and 
the evaluation of the prototypes are published in academic conferences that founded the 
material for chapter 5-7 of this exegesis.  
Besides their tangible contribution of a desired autonomous driving activity, the artefacts also 
provide a normative for envisioning future autonomous driving: they do not ask, what the user 
wants to do in an autonomous car but provide an answer to what the user should do. Thereby 
the prototypes contribute to a larger discourse of well-being, manifested as the merger of the 
private and professional lives and constant availability (Guillén, 2001). As discursive artefacts, 
the prototypes help to appropriate the autonomous diving context for pleasurable and 
meaningful activities. In doing so, the autonomous car transforms into a space with its own 
identity. 
9.1.2 Contribution	of	Intermediate	Design	Knowledge	
Implanting and testing the prototypes also produced intermediate design knowledge that may 
guide future designers in the context of autonomous driving. The following list provides an 
overview of the various contributions discussed and presented in this exegesis: 
• The implementation strategies of exergaming show three foundational elements of 
motivating exertion through a traffic integration. 
• Building blocks of a design space that describes in-car performance and creative 
improvisation in the car. 
• Three starting points for designing novel navigation and exploration interfaces to 
constitute independency and autonomy of fully autonomous driving. 
• Car-Storming as a contextual ideation tool for in-car design and development processes. 
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• In-car performances as a design and research tool embedding creative games into the 
car context. 
• A WOZ-inspired research method for investigating future routine drives through an in-
situ study. 
9.1.3 Contribution	of	a	Conceptual	Frame	
From the design and study of the three AutoPlay prototypes I identified three motivational 
affordances of autonomous driving: Drivability, Performability and Explorability. Each of the 
three motivational affordances represent a conceptual frame for implementing non-driving 
activities as pleasurable driving experiences.  
• Drivability, as an implementation target of non-driving activities, affords a feeling of 
control and competency over the driving situation. As the AutoGym user study 
proposed, drivability can result from various implementation strategies. Exertion and 
exercises, as a natural play of power and physical control, seemed to be a very promising 
non-driving activity to leverage drivability as a motivational affordance.  
• Performability aligns with the symbolic values of driving and affords (self-) expression 
and personalisation. Designing for performability means an alignment of non-driving 
activities with those elements of an autonomous driving situation that facilitate 
creativity or self-expression. AutoJam as a traffic-based creative music game made 
performability tangible by aligning game progression with music and traffic 
progressions. As such, the driving situation affords a self-expressive experience and 
reframed the monotony of traffic into a stage for creative in-car performances.  
• Explorability affords a feeling of independency and autonomy. The AutoRoute 
prototype made explorability tangible by a meta-driving experience. As such the car 
became an immediate facilitator for translating personal preferences into an exploration 
of the urban environment. If the car takes over the full operational control, explorability 
will be crucial for maintaining a feeling of control and autonomy over the journey. 
Designing for explorability means to translate the autonomy of the technology into 
autonomy for the driver. As such, it promotes the inactive driver of an autonomous car 
from a passenger to a navigator.   
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9.2 Limitations	
Designing and studying non-driving activities and novel entertainment for autonomous driving, 
required the imagination and creation of a likely experiential context of autonomous driving. 
Up until now, routine drives in fully autonomous cars are material for speculation which makes 
the findings of the AutoPlay prototypes suggestive and explorative. Especially, the results and 
conclusion of the user studies are not stated as validated facts. The results rather represent a 
description of experiences using the AutoPlay prototypes in an imagined autonomous driving 
scenario.  
Research and design of the prototypes excluded the evaluation of safety constraints of a future 
autonomous driving situation. The suggested interfaces and interaction, such as the mini-
exercise bike of AutoGym, may severely violate future safety regulations and require 
tremendous redesign to be a suitable activity. As such, the AutoPlay prototypes are 
manifestations of possible meaningful interaction in the context of autonomous driving and do 
not imply a real-world implementation in its current state. As suggested earlier, the AutoPlay 
prototypes may help future automotive ergonomics and safety engineers to envision the 
possibilities of contextual entertainment in autonomous cars. 
The AutoPlay prototypes were technically developed to facilitate the needs of a single user 
study. The focus of the development was to enable a smoothly working, pleasurable core-
interaction. Therefore, it was fully integrated into the car context providing a very responsive 
and accurate connection via the OBD-II interface. However, the prototypes, especially AutoJam 
and AutoRoute, were limited by its pre-defined set of content: The users of AutoJam could only 
choose one song and AutoRoute was based on static datasets limiting the user study to only one 
commuting trip. These technical constraints of the prototypes allowed only to test a single use 
experience and limited the full potential of AutoJam and AutoRoute as personal entertainment 
artefacts. 
In the three user studies, as discussed in the dedicated section (of chapter 5-7), the participants 
were recruited through word-of-mouth and mailing-lists. Most participants were interested and 
well educated about a context of autonomous driving. Because of the selection process, the 
group of participants were rather homogeneous and may not represent a true sample of the 
future users of autonomous technology. Furthermore, the participants only used the prototypes 
once. To investigate the long-term impact on autonomous driving, it would be necessary to run 
several sessions per participant to control the impact of the novelty effect. Especially 
9	Conclusion	 	 Future	Work	
 
145 
 
AutoRoute, as a commuter app, requires a future evaluation to determine its long-term impact 
on commuting patterns. In its current state, the AutoPlay prototypes are proof-of-concepts of 
possible contextual implementations of non-driving activities tested in improvised autonomous 
driving situations. Whereas, AutoGym study took place in a lab-based simulator, AutoJam and 
AutoRoute were tested in a real car driving in real-traffic. Since fully autonomous driving is not 
yet available, it is discussable how valid the approaches used, simulate an autonomous driving 
experience. Current approaches on simulating autonomous driving experiences suggest that 
real-road driving simulators could be a suitable frame for investigating experiential factors 
(Baltodano et al., 2015). However, a validation of such approaches is still pending and requires 
further research. 
9.3 Future	Work	
The design and research activity was focused on the exploration of a potential design space of 
autonomous driving by implementing and studying three pleasurable non-driving activities. The 
investigation was guided by the research objective to enable an initial understanding for what 
is possible in a future of autonomous driving. These explorative research-through-design 
approaches sets the frame for future research and design activities that builds on the findings 
and reflections of the suggested artifacts. I regard the following considerations as the central 
perspectives for future work. 
Validating	situational	awareness	
One premise for designing the AutoPlay prototypes was that future autonomous driving benefits 
from the user situational awareness. Not only because situational awareness would decrease the 
hand-over time of the driving task, and as such, may contribute to safer autonomous driving. 
Situational awareness may also be a central experience factor that increases the traveler’s 
orientation and wellbeing. As the prototypes and the user studies indicated, situational 
awareness can be maintained through various strategies, such as improvisation or predictive 
gaming. Consequently, future work would involve a qualitative and quantitative evaluation of 
the situational awareness factors based on the interaction mechanics of the three prototypes. 
Conducting	long-term	evaluation	
All three AutoPlay prototypes aim to improve the daily transportation experience. AutoGym as 
an “on-the-go” integration of fitness, AutoJam as an interactive way to listen to new music and 
especially AutoRoute as a reflective commuter application. However, due to the explorative 
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nature of the conducted research, the long-term impact of the prototypes has been excluded 
from the evaluation process. Especially AutoGym and AutoRoute showed a huge potential to be 
included in the everyday activity of car commuting, as an exercise habit or a routine play. In 
future work, I will aim to investigate the integration of non-driving activities into the daily life 
of commuters. Besides the adaption to the constraints of current driving technologies, this 
endeavour would also consider the implementation of long-term motivations and retention 
mechanics such as gamification techniques.   
Extending	the	prototypes	
The three AutoPlay prototypes were developed to a degree that they would facilitate a 
pleasurable in-car experience. Correspondingly, the content crafted for AutoJam and AutoRoute 
was of demonstrative purpose and would lose excitement when repeatedly played. However, 
the real value of AutoJam and AutoRoute is serving as a platform for personalised and dynamic 
content.  Future work should consider to technically extend the two prototypes beyond the 
implementation of demo content. In doing so, the two prototypes can become a platform for 
testing user preferences regarding musical content and the meaning of various forms of 
contextual data.  
Optimizing	for	safety	
Another direction for future work could aim on safety issues of the proposed AutoPlay 
prototypes. From a design perspective, the exertion interface of AutoGym, but also the 
AutoJam’s steering wheel cover, need to be adapted to the safety requirements of a real-world 
driving technology. The prototypes could serve as a case study for designing non-driving 
interfaces considering the safety demands. Furthermore, from an ergonomics and human factors 
perspective, those developments can be studies for setting design requirements of future non-
driving activities and interfaces.    
Exploring	motivational	affordances	
Ultimately, future work can connect on the conceptual knowledge presented in this work. The 
motivational affordances of autonomous driving are proposed as conceptual targets for a 
meaningful implementation of non-driving activities. As suggested earlier, future design 
activities are required to validate those conceptual frames for interaction and game design in 
the autonomous driving context. Furthermore, a design based exploration of motivational 
affordances may result in an alignment of those conceptual user experience targets with levels 
of autonomous driving. As such, future work on the motivational affordances is urgent and 
9	Conclusion	 	 Concluding	Remarks	
 
147 
 
relevant to extend the mostly technical discussion of autonomous driving with experiential level 
or design targets.  
9.4 Concluding	Remarks	
Autonomous cars are fascinating and inspiring in many ways: as advanced technology, as 
applied robot ethics or as a disruptive force of future urban mobility. However, from an 
interaction and experience point of view, most discussion and research was mainly dedicated 
on instrumental or safety concerns of automation technologies. The question how does it 
empower the non-active driver and what entertainment alternatives are possible was largely 
neglected. This research project delivered three inspiring artefacts for envisioning pleasurable 
future activities in the autonomous driving context. The research-though-design activity was 
guided by the goal to explore the design space of autonomous driving for facilitating a 
pleasurable and meaningful contextual experience.  
The AutoPlay prototypes are designed for a future vision of autonomous driving technology. I 
worked on the premise that in the next decade, technological advancements empower the 
inactive driver to actively engage in other activities such as exercising, playing games or 
exploring the environment. At the moment, very little is known about the possibilities and 
constraints of this future driving scenario. With a future availability of these technologies, 
original equipment manufacturers’ (OEMs) and legislators must define a frame for interactive 
possibilities beyond driving. Therefore, safety constraints and regulatory aspects of the design 
space have been purposely excluded or postponed for future research. 
I expect that with the availability of fully autonomous driving, OEMs will also distinguish 
themselves by providing novel and unique non-driving opportunities for the inactive driver. In-
car comfort and entertainment might become one of the unique selling propositions for 
autonomous cars. The urgency to understand this non-driving context might accelerate by 
pivoting towards a sharing economy in which product ownership demands a crucial 
justification. To set a frame for possible solutions, I presented the three AutoPlay artefacts that 
articulated the novelty of future in-car experience. 
Even though, the three AutoPlay prototypes might appear visionary, the inspirational force of 
the research has already triggered a commercial implementation. After I presented my work to 
the Head of Design of Uber Technologies Inc., they implemented Uber Feed (Gonzales, 2016) 
as an elementary contextual exploration feature of their updated mobile application. This 
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immediate adoption of future research demonstrated not only the relevancy and urgency of the 
research topic but demonstrated how a passenger experience can be a use-case for autonomous 
driving of the future.    
By articulating meaningful and pleasurable non-driving activities, I contextualised autonomous 
driving as a frame for experiences that leverage unique contextual features of the driving 
situation. As such, this research has unfolded a design space that frames unique opportunities 
for future game and interaction designers.  As with the case of the Uber Feed implementation, 
I hope that this work inspires OEMs, start-ups and designers in the automotive domain to create 
novel and meaningful transportation experiences to subsequently increase wellbeing on our 
roads in a playful and pleasurable way.
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Appendix	
(1)	Semi-Structured	Interview	Guidelines		
AutoGym	
1. Tell me what you felt when you successfully predicted the traffic situation and 
completed the stage? 
2. Was it physical challenging and how would you describe your physical performance? 
3. Describe how you experienced the traffic situation while playing AutoGym? 
4. How did you experience the standing times? Where them shorter than expected? 
5. Would you play AutoGym again? And why?  
6. What was motivating to exercise while the car was stopped? 
7. What you felt when you were struggling during the game?  
8. Tell me on what factors you based your choices i.e. the section of the sections? 
9.  Tell me how the resistance of the bike influences your experience of the car and the 
speed? 
10. If you rank or prioritize for feelings of satisfaction while playing AutoGym: a feeling of 
autonomy, control, stimulation, relatedness, self-esteem, safety 
AutoJam	
1. Tell me what you felt playing AutoJam? 
2. What part of the game do you like more, the drums or the freeplay? 
3. Describe how you experienced the traffic situation while playing AutoJam? 
4. Did the standing times feel shorter than expected?  
5. Would play AutoJam again?  
6. Describe how you experienced the progression of the music in relation to the traffic? 
7. In what type of driving situation would you like to have an interactive music experience 
like AutoJam? 
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8. How would you improve the experience? 
9. What is the most important missing feature? 
10. If you rank or prioritize for feelings of satisfaction while playing AutoJam: a feeling of 
autonomy, control, stimulation, relatedness, self-esteem, safety.  
AutoRoute	
1. Describe the experience of AutoRoute i.e. being automatically rerouted based on your 
preferences? 
2. What part of the experience did you like more, the gathering of preferences or the 
routing of locations? 
3. Describe how you felt while at work about the way back home i.e. what did you expect 
on the way home?  
4. What was the most surprising moment? 
5. Did you discover or get inspired by the tags / keywords related to the situation?  
6. Would play AutoRoute again? Why? 
7. Describe how you experienced the automated rerouting? 
8. How did you felt being isolated from the driver?  
9. How would you improve the experience? What is the most important missing feature? 
10. If you rank or prioritize for feelings of satisfaction while playing AutoJam: a feeling of 
autonomy, control, stimulation, relatedness, self-esteem, safety.  
(2)	Pre-	and	Post	Questionnaire	/	SDT	scales	AutoGym	
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